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ABSTRACT 


In Canada, the United States and many other countries, frequency 
analysis of streamflow data for the period of record is often used 
in flood prediction with little or no review of supplemental materials. 
Those involved in flood damage reduction research and planning use 
the calculated frequencies when making important flood management 
decisions. Flood frequency analysis, however, is essentially based 
on the existing streamflow records, which in Canada are often less 
than twenty years in length. Using an extensive literature review, 
the “author demonstrates. that it is snot necessarily correct) that 
each potential combination of the factors which can cause flooding, 
andjer “contribute to variations an flood intensities, -has ‘occurred 
during this short period. We have additional information on these 
faetors: which can cause ~rlooding and this thesis is, “ins parti; an 
attempt to identify “and iclassify these, factors ‘and suggest in an 
initial way the frequency patterns for some of them. 

The objective of the author in this study is to develop this 
information source which will supplement existing flood forecasting 
methods (flood frequency analysis) thereby providing planners with 
a better foundation when making flood damage reduction decisions. 
fowethas send, the pauthor “has. developed a classification. of -a ‘wide 
range of the factors which can cause and/or contribute to flooding 
in Western Canada. Information derived from published literature 
and solicited from government sources and private researchers in 
related disciplines has been used to identify the flood causal factors 
presented in the classification. The classification is divided into 
nine sections with related subsections in each, and both natural 
and man-influenced flood causal factors are included. A more detailed 
discussion concerning relevant information, occurrence patterns 
and management alternatives for many of the flood causal factors 
follows) “the vclassiiication. The author has included maps within 
the text which are an initial attempt to map the distribution patterns 
for the better documented flood causal factors. 


Flood frequency analysis will continue to be our major tool 
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of flood prediction and forecasting, but the hazards and damage 
in flood prone areas will continue to grow despite the use of better 
data bases. With supplemental information on causal factors, planners 
may be able to reduce these impacts because there will be fewer 
unexpected events and they will have a better understanding of the 


changing patterns present. 
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CHAPTER ONE: INTRODUCTION 


1.1 Problem Statement: 
If flood patterns in Western Canada could be attributed to 


a single cause, forecasting and management planning would be relatively 


ate 


“w 


simple. There are, however, many factors which cause and contribute 
to flooding, and flood variations are major. If we are to better 
understand these patterns and provide more efficient forecasting, 
and an appropriate range of management alternatives, it is necessary 
Perm us BLO, have a bettemmappreciation ‘of the factors which can ‘cause 
Om contribute to flooding. Many of the people involved in flood 
forecasting and/or prediction will develop perspectives concerning 
causal factors and in time will gain intuitive experience concerning 
what to expect and why for specific regions. Their experience may 
ane luae, aj wide, range Of flood causing factors, yet if other factors 
are responsible for a rare and unexpected flood event or magnitude 
they may be caught unawares. Similarly, they may not fully appreciate 
the Maximum possiples effect jof known factors. It. is the, purpose 
Orutnis mrecearcheuto macvelop a Schasshiication "Of Sasiwide. Tange or 
causal Jand, contributing. factors and provide ‘some indication of the 
role.,o, each .in booding an Western Canada. “It is, hoped that (this 
information will supplement existing flood forecasting methods such 
as flood frequency analysis and contribute to a better understanding 
of the. factors which can cause jand/or contribute | to flooding. By 
further expanding the information base such a classification will 
contribute .,bo a more Solid ‘fotindation for ‘planning and decision 
making. 

The author is not implying that those involved in flood damage 
reduction in Western Canada are not taking steps to control flooding. 
On ithe contrarya, this classification would ‘simply be a rool “tor 


the planner so that he could be better aware Of themsrlood causal 


* Throughout this research the term "forecasting"! will have a broader 
meaning in that it will also mean prediction. 
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factors. which are present in his district. Itswould, also enable 
him to understand why present and future flooding need not follow 
abl, of the “patterns of the past if there have been, and will be, 
changes in these factors in the future. For example, in the province 
of British Columbia logging has drastically changed the runoff regime 
in many watersheds over very short periods of time. Varying circum- 
stances such as lower or higher than average precipitation values 
during the period of logging may cause anomalies in the streamflow 
records. With a better appreciation of the potential impacts associated 
with logging in a particular region the planner would be able to 
make more informed management decisions before and after logging 


eecurred. 


1.2 The Flood Problem: 

Flooding has plagued the inhabitants of Western Canada since 
the first settlements were established in the late 1700's (the term 
"flooding" describes all instances when the channel capacity is 
exceeded and water flows onto the flood plain). Despite the flood 
hazards, however, the need for good access to transportation routes, 
water supplies and fertile land prompted the early settlers to locate 
adjacent to the rivers and lakes. While a small proportion of the 
settlers learned to locate away from these often hazardous locations, 
many of the early settlements were developed in flood prone areas. 
Often these have grown to the present urban centers, flood hazard 
intact. For example, in 1875 early settlers and the Northwest Mounted 
Police established Fort Calgary at the confluence of the Bow and 
Elbow Rivers where several major floods were later experienced. 
As the City of Calgary expanded, rapid development continued on 
the flood plain and the potential for a severe flood remains 
(Calgary's flood situation will be further examined in Chapter III). 

There are many examples of serious and costly floods in Western 
Canada which possibly could have been reduced in their severity 
had proper flood management measures been implemented. The 1948 
Fraser River flood cost the provincial (British Columbia) and federal 


governments approximately $22 million (1948 dollars) in compensation 
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payments and forced the evacuation of over 16,000 people (Fraser 
River Board, 1963. p.56). The Red River flood of 1950 was perhaps 
the worst flood ever ‘to have 'occurred in’ Western Canada: Damage 
was in excess of $30 million (1950 dollars), but it has been estimated 
that the true cost may actually have exceeded $100 million (Rannie, 
1980. p.211). In all, 10,500 homes were flooded along the Red River 
and 100,000 people were evacuated. In 1979, the Red River flooded 
once again, but an elaborate system of flood control works helped 
reduce the flood damage to approximately $30 million (1979 dollars), 
and only 7000 people were evacuated even though the flood levels 
were just below those of the 1950 flood. In each of these examples 

a better understanding of the relevant flood causal factors would 
have assisted planners to adjust their management practices more 
efficiently and hence reduce the flood problems. In reference to 
the Red River flood problem, a better understanding of the factors 
which cause and contribute to flooding may result in a broadening 
of the potential range of flood damage reduction alternatives. These 
alternatives might include upstream storage, controlled drainage, 
flood proofing and other measures. 

Flooding in Western Canada occurs as a result of both natural 
and human influences. Rapid urbanization and industrialization in 
many “dreas’of “Canada have **altered the “natural’> drainage "regimen, 
often increasing the flood hazard. Increased runoff resulting from 
Man esr hactivaties,."sucheeassechanges in the infiltration and, storage 
capacities: @ofewagriculturals land,® the®"formation Y off "impervious “urban 
surfaces, urban infringement on the flood plain and land clearing 
in watershed areas, are among the many factors which can contribute 


to greater flood peaks. 


1.3 Objectives and Procedure: 

It is the author's contention that the development of a comprehen- 
sive classification of the factors which cause flooding will help 
us to improve our flood forecasting and management analyses. Flood 
frequency analysis (based on recorded streamflow data) is currently 


the principle method of flood forecasting in use, and consequently, 
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is used as the basis for many flood management decisions. Many planners, 
however, when presented with a flood frequency estimate do not have 
a good appreciation of the method used to calculate the estimate 
and, consequently, do not recognize the limitations associated with 
that method. The flood estimate may be statistically correct relative 
to the data base, but the confidence afforded that value by the 
hydrologist (who calculated it) and the planner (who employs it) 
may vary greatly. It will undoubtably take many years before both 
the statistical methods and period of record are sufficiently developed 
so that reliable flood estimates can be consistently determined. 
Assuming that these methods will be better developed,there are no guaran- 
tees that the causal factors will remain unchanged. We must, therefore, 
develop other methods which will broaden the data base and supplement 
existing flood forecasting procedures thus allowing planners to 
make more informed flood management decisions. 

In the work that follows, it is most important to appreciate 
that the classification is not designed to replace flood frequency 
analysis, only to supplement it. This research is in part an attempt 
to introduce a novel concept which will help to broaden the information 
base and understanding of flood causal factors. The classification 
provided herein is a framework for further research. Further extensive 
study and more substantial resources would develop this framework 
and contribute to this as a more useful component in our ability 
to predict and forecast flooding. 

The following chapters have been designed -to progressively 
pilwstrate =the need @for a better appreciation of the flood causal 
factors” by “planners “and others when using flood frequency estimates 
as the basis for flood management decision making. In Chapter II, 
the physiographic elements relating to the topography, climatology 
and hydrology are reviewed as they pertain to flooding in Western 
Canada. This chapter provides the reader with a general understanding 
of the elements which are responsible for the variations in yield 
and’ reasons’ for ‘the types of flooding which can be ‘experienced in 
the study area. 


In *Ghapter™ 11s ea ereview ‘of “the? literature “iconcerned: (with 
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the technical aspects of flooding, specific flood events, and historical 
flood surveys will make apparent the limited acknowledgement by 
researchers of the many factors which can cause floods. Some limitations 
in current flood frequency analysis techniques will also be examined 
including the hazards and short-comings of using the period of record 
as the sole source of data. The draw-backs of not acknowledging 
the.,influences of many flood causal factors on flood flows or of 
acknowledging only a select few causal factors will be presented. 
Prior attempts to classify the causes of flooding will also be reviewed. 

The classification of the causes of flooding will be presented 
biyschaptere | LV i p«Thesed dentificatiomyofwethe! flood.» causal’, factorstam 
the classification is based on information derived from published 
literature and solicited from government officers. A review of the 
individual flood causal factors with detailed descriptions and examples 
will follow the classification. For the more commonly experienced 
causal factors, various management alternatives will be discussed. 
Generally mapped distribution patterns for many of the better documented 
factors are also provided. It should be noted, however, that there 
are many gaps in the data required for the completion of these maps. 
If these initial maps are useful (as is anticipated), further studies 
and mapping programs may result in better defined patterns. 

In Chapter V, the conclusions and recommendations will be 
presented. It should also be noted that in Appendix II, a glossary 
of terms relevant to this study is presented. 

1.4 Study Area Selection: 

themselections. ol ea tetudy “area is crucial inmost jscienatific 
research, and for this reason a variety of alternatives was considered. 
It became apparent from the nature of this research that the size 
Of) the study areal was “an important .factor.” A “region such sas Alberta 
was found to be unsuitable as neither the range nor the contrasts 
of flood causal factors was ‘great, enough for the development of 
a broad classification. A classification for this area would have 
been too limited and difficult to apply to other areas. To maintain 


a study region of manageable proportions, it was determined that 
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an area the size of Canada would be impractical and not enough addi- 
tional contrast was indicated. It was, therefore, decided that Western 
Canada, including British Columbia, Alberta, Saskatchewan, Manitoba 
and the mainland of the Yukon and Northwest Territories, was an 
Bppropraace choice. in “Rigure: “Kal, 7 the major, political “boundaries 
and urban centers related to this study are mapped. In this region 
there is a wide variety of flood causal factors present and we have 
access to a good range of the necessary data and descriptive illustra- 
tions. It is recognized that some flood situations are missing in 
Ene, studyfarea (e.g: “from, hurricanes), but. a sufficient number Vof 
causal variables are present for useful descriptions, analyses, 


and Classriecation. 
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CHAPTER TWO: THE SETTING — WESTERN CANADA 


2.1 Introduction: 

Western Canada is a vast region of widely varying topographic, 
climatic, geologic, hydrologic, vegetative and soil characteristics. 
While all of these variables contribute to flooding in varying degrees, 
a discussion which fully describes the patterns of each would extend 
beyond the requirements and scope of this thesis. It is the author's 
intent, therefore, to generally outline the more important elements 
(hydrologic, topographic, climatologic) as they pertain to flooding 
in Western Canada. An examination of these elements’ should help 
in outléning “the, runoff charactersitics of the different geographical 
regions present in the study area. It will also: serve ‘as a background 
for the discussion of the flood causal factors which will be presented 


in Chapter IV. 


2.2 Relief of Western Canada: 

Putnam and Putnam -¢19703 “p. 15) sand: Environment SCGanada. 5 (1978, 
plate 20) have identified four different physiographic regions in 
Western Canada; the Cordillera, Interior Plains, Canadian Shield 
Cincluding =the Hudson Baye Low. ands )= wand? »the: “Ar ct, Ce. Chvoures (2.1) . 
They suggest that while these regional divisions are very general, 
major differences in the underlying rock structures and in the patterns 
of surface features make such physiographic divisions possible. 
It is important to note that these regions extend beyond Western 
Canada into the United States and into eastern and northern Canada. 

The Cordillera’ igea “geologically complex) region, and™= includes 
most. of “British Golumbiay Pthe, Yukon Méermiitonyecands partys oOo: Alberta 
(Figure 2.1). The area is predominantly mountainous and is underlain 
by crystalline and steeply folded sedimentary rocks. A major plateau 
runss jthe slengeh. Fofieehe gCordillera's <intertor and 1s (sunderlain® (by 
volcanic and sedimentary rocks in many areas. Along the west coast, 


the Pacific Coast Mountains provide the lower, central interior 
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with .a shield -from,;the, moist Pacific air. In the eastern Cordillera, 
the MacKenzie and Rocky Mountain Ranges dominate. Environment Canada 
(1978, plate 20) suggests that the rivers in the Cordillera are 
structurally guided by the mountains, and a rectangular drainage 
pattern is dominant (other patterns are present on a local basis). 
(iG@wanejOrm etTivers in. this. region. (Prasen, , Yukon, Columbia, Jiard) 
all. follow the orientation of the:structural valleys in much of their 
courses. In the Cordillera, many of the lowlands have alluvial landforms 
such as fans, flood plains, and deltas. These regions can be particu- 
larly prone to flooding. 

The Interior Plains region lies immediately to the east of 
Phesncordiullers, (hicure .~2.1).) This, reeion, extends from the “Canada— 
U.S. border northward to the Arctic Ocean and encompasses the west-— 
central portion of the Northwest Territories, the northeastern quadrant 
of British Columbia, most of Alberta, the southern half of Saskatchewan 
and southwestern Manitoba. With the exception of a folded belt of 
sedimentary rocks along the western border, the Interior Plains are 
generally underlain by Cretaceous and Tertiary sedimentary rocks 
which dip gently toward the southwest, away from the Canadian Shield 
CU aVeCOC Kk neal Oiici pO). The Yi Vers are usually incised through 
the mantle of glacial deposits and into bedrock. The. iprerior slain 
has two predominant drainage directions; northward to the Arctic 
Ocean via the Mackenzie River, and eastward from the Rocky Mountains 
toward Hudson Bay via the Saskatchewan and Nelson Rivers. Also present 
in southern Alberta and Saskatchewan is the Milk River which eventually 
flows into the Gulf of Mexico. These drainage networks are outlined 
bpp igure, 2«l wand, theirs characteristics ~arne, discussed later. in yehis 
chapter. 

Many) upland ameas pane, presentalin, the sInterlom -Ylains region. 
The more prominent of these are the Cypress Hills, Caribou Mountains 
and Swan Hills in Alberta; Porcupine Mountain in Saskatchewan; and 
Riding Mountain in Manitoba. These upland areas are not particularly 
high, ranging between 250-800 metres above the surrounding plains. 
im thes .souphern, .portion, of, .the Interiong Plainss the ‘land .rises in 


elevation from east to west in what has been described as a three 
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step sequence. The first step is the Manitoba lowland which lies 
below the Manitoba escarpment, the second rises to the Missouri 
Coteau and the third step continues upwards to the foothills. Laycock 
(19725"% pi6); however, feels’ that the three step “concept is overly 
SimpFistic “and®*that™©there™is “little indication of “this” pattern” in 
the north and many areas of the southern prairies. It is this gradient 
change, in part, which causes many of the southern prairie rivers 
to become entrenched into the bedrock and to flow eastward 
toward Hudson Bay. It should be noted that many gradient changes 
have also resulted from recent glaciation and many streams flowing 
from uplands have developed fans, flood plains and deltas in the 
adjoining flatter lowlands(e.g. lacustrine plains). 

Most of the remaining area in Western Canada is part of the 
Canadian Shield region (Figure 2.1). This physiographic region generally 
consists of massive, ancient crystalline rocks (gneisses and granites) 
Wien sa"Local’'réelier Sor fabout 700 metres. Despite’ “this low=*surface 
velvet @Pene= area *its™ ditficult ~to**traverse*as “the® Vast relaciatron 
lettera badly scoured and poorly drained surface. Grey (1978) states 
that the drainage patterns vary widely and have not developed signifi- 
cantly since the last glaciation. The main streams generally follow 
the slope of the land, creating radial patterns from the central 
Kazan’ Plateau area in-'the “District *of “Keewatin. These heavily fractured 
and jointed surface of the Shield also influences drainage. Flashy 
flow from bare-rock areas often floods lowland areas, many of which 
have organic terrain (muskegs) and inadequate drainage in some seasons. 
In general, however, the southern and northeast areas of the Canadian 
Shield drain into Hudson Bay and water in the northwestern portion 
and the area surrounding Lake Athabasca in northern Saskatchewan 
flows off the plateau toward the Arctic Ocean. 

The Hudson Bay Lowlands, which lie in the northeastern quadrant 
of Manitoba from roughly Churchill to the Ontario border (and beyond), 
are considered to be part of the Canadian Shield region (Department 
of Energy, Mines and Resources and Information Canada, 1974, Grey 
1078.0 platel 20,8 Putnam “and™/Putnam, 1970). “The* Lowlands” are an’ area 


of sedimentary flat bedded or very gently dipping rock within the 
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oshield, sand’ ‘;there,.is, every, little local relief: Consequently, the 
surface drainage is poorly developed and is adequate only in the 
vicinity. of ,rivers,.(e.g. Churchill and Nelson Rivers) which pass 
EurolGne Chiswlarca tossuudson (Bayou(Zoltai,) 1973. 9p.16) Grey, (1978. 
plate 20) states further that the drainage in the lowlands generally 
follows , the slope. of the land. and is mainly. dendritic. with some 
structural modifications. 

The last and smallest of the four physiographic regions in 
Western Canada is the Artic region. There are, however, only a very 
few areas where this region extends into the study area (Figure 
2.1). These areas are generally underlain by flat sedimentary rock 
ands the, Jdocal relief is very. low. The .drainage,.in these low-lying 
areas is relatively poor and disorganized. The continental Arctic 
region is basically a continuation of the Interior Plain physiographic 
ReStOD. ult eS, In othe northern sislands in, the District “of Franklin, 
Boats othe “ocharacteristics. of the “Arctic physiographic sregion sare 


most apparent (Fisheries and Environment Canada, 1978, plate 20). 


2.3 Climate of Western Canada: 

In. -hbydrologic..research, itis. recognized that there are close 
relationships between the climatic elements present in an area and 
the potential for flooding. The diversity of topography and climate 
in Western Canada can result in different types of flooding in different 
regions at different times. For example, on the southern coast of 
British Columbia, the warming influence of the Pacific Ocean produces 
moderate winter air temperatures which can cause winter precipitation 
tomes cas orain ingslow—lyine areas. (Diringe gDecember, 4979... 1980, 
1981 and 1982 mid-winter rainfalls of this origin (in combination 
with other factors such as snowmelt) contributed to extensive flooding 
in the southwest portion of the province. Winter flooding of this 
type, however, is much less likely to occur in Winnipeg where arctic 
air masses dominate during most of the winter. In the Winnipeg area, 
precipitationgsehoodine usually occurse during. the spring when tmoist 
maritime tropical Wml)y and maritime polar: (mP)\ air masses are present, 


A complete analysis of the climate of Western Canada would 
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require data for many climatic elements (air temperature, air pressure, 
wind, precipitation, solar radiation, etc.). The following discussion, 
therefore, will be focussed upon the precipitation and air temperature 
patterns in Western Canada as these climatic elements are most often 
associated with flooding (Hare and Thomas, 1974; Longley, 1972; Thomas, 


1953). Other climatic factors which influence flooding will be noted 


only where related to precipitation and temperature. 


2.3.1 Precipitation: 

Throughout Western Canada the level of precipitation varies 
widely. Figure 2.2 is an illustration of the mean annual precipitation 
distribution ini the study area in, the period 1921 to 1974 (Energy, 
Mines and Resources Canada,1974; Environment Canada, 1978, plate 33 
Waycock, 1976)% /While }it appears that the. precipitation » patterns 
in Figure 2.2 are quite complex, general relationships do exist. 
The most striking feature is the abundance of precipitation along 
the coast of British Columbia and in the southwest corner of the 
Yukon Territory where, in certain areas, over 3200 mm of precipitation 
ean fall annually. This theavy “precipitation Gis “usually causedw by 
two events; orographic uplifting and cyclonic storms. Very moist 
me air -carried, \landward “from@ythe | Pacifte. by) the ‘prevail ingeewind 
is forced upward by the coastal mountain ranges and orographic precipi- 
tation results. Prolonged, and sometimes heavy rainfall can also 
occur when a Pacific cyclone approaches the west coast. The majority 
Ot ghe FcOastabprecipieationy occurs during. -tnés winter, byeagin the 
lower elevations rainfall greatly exceeds the amount of precipitation 
received as snow. Thisaprecipvtationy cycle sis cleanlyeriluctrared 
by the mean seasonal runoff pattern of the Sooke River on Vancouver 
Island (Appendix I -C). Here the majority of the runoff occurs during 
the winter months and there is low flow during June, July and August. 

Winter ‘rainfall Jalones the Pacific coast” often causes severe 
flooding in many of British Columbia's urban centers. The floods 
of December 1979, for example, occurred when im excess of 100 mm 
of rain was recorded during a 24 hour period in many lower mainland 


centers. Many small creeks flooded and there was widespread flooding 
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in the low-lying areas of the Fraser River Delta just east of Vancouver. 
Flooding from winter rains has also occurred frequently further 
north along the British Columbia coast at Terrace and other communities. 

JWere is.) one | notable "exception “to thrse"hign * precipitation 
regime along the coast of British Columbia. The Gulf Islands, Victoria, 
and certain areas of the Lower Mainland lie in the rain-shadow of 
the Olympic Mountains in Washington State and the Vancouver Island 
ranges (Figure 2.2). The mean annual precipitation experienced in 
this j/area ranges from 700-1000 mm per year. In Figure 2.3’, this 
low precipitation region on Vancouver Island is clearly indicated 
(2.3 B). Also apparent in Figure 2.3 are further relationships between 
topography and precipitation in southern British Columbia. 

In contrast to the high annual precipitation experienced on 
the western slopes of the coastal range, the eastern slopes and 
interior plateau are considerably drier (Figures 2.2 and 2.3). After 
crossing the coastal range the air flows downslope and is heated 
by compression (adiabatic heating) which causes the evaporation 
of cloud and a reduction in precipitation (Fisheries and Environment 
Ganada, 1978, plate 3). While there is a certain degree of) carry- 
over precipitation on the leeward summits, large areas of the leeward 
slopes and plateau between Dawson (Y.T.) and Penticton (B.C.) receive 
less than 400 mm annually. The mountains and upland regions of the 
interior plateau receive considerably more precipitation, but’ the 
absence of meteorological stations in many of these areas limits 
the amount of available data. Similarly, in many northern regions 
of Western Canada climatological stations, are limited in mumber. 
Therefore, many of the? precipitation™ isolines, Win. Figure 2.2 are 
not completely representative of the mountainous and northern regions. 

In the northern areas of the interior, snowfall can be significant 
ranging from approximately 200 cm at Prince George to well over 
400 cm at Cassiar in north-central British Columbia (these figures 
indicate the snow depth, not the water equivalent). This often heavy 
snowpack contributes significantly to the spring runoff which can 
lead to substantial flooding in British Columbia and the Yukon Territory 


This aspect of flooding will be discussed in detail in Chapter IV. 
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Figure 2.3 RELATIONSHIP OF TOPOGRAPHY TO 
PRECIPITATION IN SOUTHERN BRITISH COLUMBIA 


A. Vertical Cross-section Along Lat. 53° 20’ 
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Another area of high annual precipitation occurs along the 
western side of the Rocky Mountains (Figure 2.2). Maritime polar 
(mP) air masses passing over the Rockies are forced upwards causing 
6frocraphtc-*precipicetion* (Figure 273)2""Most “of this’ precipitation 
occurs during the winter as snow which can contribute significantly 
Varce 'tvolumes’* or § Ssprine*"runotP’to-"the~ Pactticy”™ Arctic” and ~ Hudson 
Bay drainage basins. The potential impact of this snowmelt runoff 
will be described in Chapter IV. 

The particularly dry regions in southern Alberta and Saskatchewan 
(see Figure 2.2) are largely the result of limited moisture within 
the maritime polar (mP) air mass. As was indicated earlier, most 
of the moisture within this air mass is released over the Cordillera. 
Precipitacion on’ *the © southern prairies ranges from under 300° mm 
up to approximately 400 mm annually, with most of it falling in 
the spring and summer. This precipitation contributes significantly 
com neh Sraver?' discharges ands can “cause Elooding.” )Ihe “extent “and 
PPE wecsuses ol Hlooding: in- this**area™’ will” be: discussed nore ‘fully 
iy Ghapter "LV. 

While not extremely abundant, there is somewhat more precipitation 
in the northern and eastern portions of the prairies than the south-—- 
western portion. Both Longley (1972) and Weber (personal communication, 
sept. 12, 1980) have suggested that the local relief pattern on 
the prairies is partially responsible for this precipitation distribu- 
tion. The northwest extent of the Canadian Shield and the higher 
areas of northern Alberta and southern Manitoba receive from 450 
mm to 500 mm of precipitation annually. Weber (personal communication, 
1980) feels that these areas are more prone to rain generated floods 
than watersheds’ or" similar size’ in “other areas of the prairies. 
He reasons that these areas usually receive greater amounts of storm 
precipitation "because of > *the**orographic “upMit, “andy e due *to™ the 
Steepere slopes, > less ™raine’ water “is “fost to" infiltration “and “small 
depression storage. Laycock (personal communication, Nov. 1980) 
suggests that much of this flooding is not in the upland areas where 
most of the water surplus originates. It is in the adjoining plains 


where changes in gradient have resulted in natural flood plain 


re 
as mie . 


notsasigissig Teunrs 
¢ git) antazanom yx 


yalodg geri 7 Sth «\o<2 


43703 SIS zelidoos oid ¢ave 


eis gerolte | eteso0 


f So @eaQuqu 
mitgisetg alte. 32064. .ft.% orgs 
r he troa neo oie nail en 19S0lw J 
cs ‘tdiee? of: 99 Tiowws geliga cre rr 
dy ta soeepa? Talbgestag af? .aelesd | 
Vt tasqedd nl bodies 
[ - ef300 a sro 292 vab vineiusds ag haat 
skmil - ye yispiael sta (£.S° 
jobhbe com oh Ce eg see 
. boon aie ehie migra eaese | 
m oO Athen 94g) ee nobsed. i 
: via ef orem hoe 
re r oomve Bie ant 1 
‘b +vevit dele 
. »woll 30 —eeune a 
Wi saoqeday 
1 susxo aan sitawe 
9 sixao base. etaniszTer ond re 
. ‘308 .nokszag axeseds 
| veet (O8CL (EFS 
' ligistaq es) ainwg: 
5 
® | iG + 
TT, 
q stan , 
+ pei ¥ 
. io7% fiaveu ooirn 
: jiae3gsiG a7 
; ‘4 2° 39%ey ofes 
? | iyvn f Pa urn | acre? eq) H2007 .24a7938 
er be w edgy a) fom @ getheo!? «fA lo 6«ASbm tend © 
ssinlq qaiatoibe «dt ot 2) al 2¢jenigizvo euiqmue 360 eda 
akute boot? iInvwaunr nt Uedlogel evet  Jpelbasg i esgtaas 


18 


development and channel capacities are exceeded with widespread 
flooding. 

Substantial precipitation also occurs in the prairie region 
from several other causes. As was previously explained, the maritime 
polar (mP) air mass usually releases most of its moisture over the 
Cordilileraséd Howevergat cyclonicemands|convectional uplift. of this ‘air 
mass can release additional moisture in the prairie region. The 
uplift mechanism is often provided by convectional activity from 
the differential heating of surfaces and can also be created by 
agccoldy frontal oplift ‘of Pacriice airurand «athe waddieiongcofmthe) heat 
of condensation. The resulting rainfall can be very intense and 
can result in localized flooding. These and other uplift mechanisms 
are discussed in Chapter IV. 

In the summer, relatively heavy rains can be experienced on 
the prairies when warm, moist maritime tropical (mT) air flows northward 
from the Gulf of Mexico. Although this event is rare in the western 
pertiomaof the praimies, wit gotten providessaal dlareequa proportion) of 
southeastermeManitoba'’s Pannual, (precipitation. “Laycock ~(1972,  p.16) 
has suggested that the proportionate distribution of annual rainfall 
experienced on the prairies from this source can be approximately 
DO percent l/inreWinnipés, 25 pencent in. Medicine, Hatjeand, LOl «percent 
in Edmonton. In Manitoba, it is often rain from this system in combina- 
tion with snowmelt which has caused many of the floods on the Souris, 
Red and Assiniboine Rivers. Floods in these basins generated solely 
by rain are rare, but have occurred in combination with prior moisture 
storage from heavy snowmelt on the Assiniboine River in 1954 and 
1955 and on the Red River in 1950. 

Ins thess Northwest -Territories the mean annual precipitation 
issabow Wiicune 2.2 )raeMuchifofivit occurs: asihshowse butwebhempotentiiad 
foragmany of itheufloodstpuoblems experiencediofinerthisharegionpeliesmiin 
bhesdbighseprecipitationismecgionse of thes Gordiddera wheneiethawPeaces 
Liard, Nahanni and Athabasca Rivers and other smaller rivers originate. 
This situation, while not generally a significant flood causal factor 


in) the Northwest Territories, is referred to in Chapter IV, Section il.a. 
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2.3.2 Air Temperature: 

In Western Canada the air temperature patterns do not influence 
flooding to the same degree that precipitation does. Seasonal air 
temperature changes can, however, have a significant effect on many 
ofmtthestiactorsi@whicht causeteftloodimng;’ including®*river™and lake ice 
break-up and precipitation and snowmelt patterns. 

The west coast of British Columbia is the warmest winter region 
in Western Canada with a mean January temperature of over 2.5 degrees 
Celsius. When this information is compared to the precipitation 
datameiny Pigure §2.2 (lies feasy "totfappreciate?: ‘why? the vpotentiall/ttor 
winter flooding exists. 

The southern half of Alberta and British Columbia have a warmer 
average January temperature pattern than the rest of Western Canada. 
This is eaused) byiethe periodice intrusion “of “warmelmaritime™ polar 
air masses which moderate the dominant, cold continental polar air 
masses. During January the rest of Western Canada is blanketed by 
cold, polar air in most winters and warm spells during this period 
are infrequent. 

Warm, early spring temperatures in the southern portion of 
the study region are often the cause of the most common flood type 
inuitheiymonthermyportion eof iWestéern Canadas, Mild (Pacific *air esi tows 
across the southern Prairie regions in late March and early April 
raising the air temperature above the freezing point. Water from 
the melting snow and broken ice fills the southern extent of the 
northward flowimge xiwvers. winertheimonths?! howeverj cold ®epolary air 
still dominates and the major rivers are ice-bound, blocking the 
noxrthwardrlileow (of tiwaterzapihe. rivweresice constrict sither channel tand 
often ice jams occur which cause extensive flooding in the low lying 
aneassecihis ts/ea major iprobkem tons ther vAbhabasca™ River “wheres ithe 
towns, of Whitecourt, Athabasca and Fort McMurray have often been 
flooded because of ice jams. This is also a problem in the Northwest 
Territories ecGHay | Riwer,.aFort «Simpson; *’Fort ‘Norman, Fort pGood® Hope; 
Alobavilosgd Fort EMacBhervson, ftand ifort! Liand),erBerniish. Columbia ‘CFort 
Nelson), and in the Yukon Territory (Dawson, Mayo and Ross River). 


Temperature changes in spring also contribute to the flood 
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potential on the mountain and prairie rivers. All of the major rivers 
in B.C. and many of the rivers in the prairies have their headwaters 
in the Cordillera (South and North Saskatchewan drainage systems). 
In most years, a gradual rise of the freezing level in the free 
atmosphere causes the snowmelt runoff to proceed slowly from the 
lower to higher levels, and consequently a moderately regular flow 
results. If, however, there is a rapid and sudden increase in the 
vertical air temperature, the snowmelt runoff can occur very rapidly 
from a number of levels and cause localized flooding. When accompanied 
by heavy rainfall) discussed in detailgin=’Chapter, 1V).«substantial 


flooding can be expected on the prairies and in British Columbia. 


2.4 Hydrology 

In Western Canada there are four major drainage systems con- 
Sistine of small river \basins (Fieure. 254). Generally, (the Pacific 
drainage lies to the west, the Arctic drainage to the north, the 
Hudson Bay drainage to the east, and the Gulf of Mexico drainage 
ZS located on part ‘of the southern (fringe. Figure e274 fic iasmapw or 
the boundaries of the four drainage systems and Figure 2.5 contains 
the names of the major rivers found in each. Before examining these 
four drainage systems individually, however, certain water balance 


patterns in the study region should be appreciated. 


2.4.1 Water Yield: 

The average annual water yields of Western’ Canada vary by 
region due to differences in topography, climate and other variables 
noted earlier ‘inthis; chapter. For example, while British Columbia's 
rivers have an average yield of approximately 31,270 cubic metres 
per second ine) Overs halievot “this, “occurs sin ‘they coastal eresions 
of the province (Laycock 1976, p.9). Much of this high coastal yield 
occurs where wet maritime polar (mP) air masses are forced upwards 
Over the coastal mountasns= of British Coltmbia”™ (this process was 
described in. thes climate. section of this %chapter)s “Laycock: (1976, 
p.-10) claims that over 30 percent of the streamflow of Canada rises 


in British Columbia. 
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The annual yields experienced in Alberta, Saskatchewan and 
Manitoba are considerably less than those experienced in British 
Columbia. Much of the yield (2000 to 3000 oe 1 .ey., 10) “to 93 million 
cubic decametres per year) originates in the northern portions of 
the Canadian Shield in upland prairie regions and in the Rocky Mountains 
(Laycock; 1976 p.9). The’ southern ‘prairies: are relatively dry, and 
there are many large regions of internal drainage which do not con- 
tribute greatly to yield or to streamflow (Figure 2.4). While Figure 
2.4 includes the major non-contributing regions there are many other 
smaller areas of this type which are not shown. Many additional 
areas have yield in only the wetter years. G.A.D. Green of the Depart-— 
ment of Fisheries and Environment Canada (1978, plate 22) suggests 
that in an average year, well over 50 percent of most southern prairie 
régions ‘may not contribute to flow. Laycock (1976, °p.9) estimates 
that in large regions of the prairies less than five percent of 
the annual precipitation enters into streamflow (this figure would 
be more during a series of wet years). 

The total annual yield in the Yukon and Northwest Territories 
is very high despite the relatively low precipitation experienced 
in many areas’ (Figure 2.2). “Laycock (1976, p.10) stggests that "the 
very low potential evaporation plus low infiltration and _ storage 
capacities for large areas results in well over two thirds of the 
precipitation being available for streamflow, but this ranges from 
less than twenty percent in the warmer southern and southwest lowlands 


to almost one hundred percent in areas of high elevation and latitude." 


2.4.2 Major Drainage Basins: 

ASanSenindicatecdsinricures 2.4 and 7... major river osvstems 
are located in each of the three largest drainage basins. The largest 
rivers, however, are located on the northern, western and eastern 
margins of Western Canada, and many of the smaller rivers are situated 
on ithe Ssoutherm ‘plains. In- Table--2.1 the river “nverarchy for. each 
major “drainage basin 1S provided. It is: interesting to note that 
in many cases the river systems with the largest drainage areas 


do not necessarily have the largest mean discharge. For example, 
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TABLE 2.1 


MAJOR DRAINAGE BASINS: AREA AND DISCHARGE 


Drainage Basin Drainage Area CES Mean Discharge (a whe) 


Paciiac Ocean: 


1. Yukon 27 50000 2-360 
ZF Porcupine 54 100 368 
+ oLEKine 49 200 1 080 
4. Nass 20% 700 892 
5. Skeena 54 900 LeF6O 
6. Fraser 233 000 BeO20 
HieeCobumbdia 155 000 2 890 
8. Other 228 O00 11 100 


AE@aice wOecean: 


1. MacKenzie 1° 787 000 9-910 

2. Back 107 000 612 

ae OENer 1 663 000 S890) 
Hudson Bay: 

1. Thelon 142 000 804 

2. Kazan 71 500 566 

360 Churchadel. 289 O00 Le270 

4. Nelson 1 132 000 2 830 
Source: Canada. Department of Fisheries and Environment. 1978. 


Hydrological Atlas of Canada. Ottawa: Ministry of Supply 
and Services. Plate 22. 
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in the Pacific drainage, the Yukon River basin has the largest drainage 
area (275,000 square kilometres), but only the third largest mean 
discharge (2,360 ene Whi lesenot) apparent, ineTables2ah, ahisupattern 
also exists for certain rivers in the Nelson River basin and will 
be elaborated on later in this section. 

The Mackenzie River (9,910 media) is the largest in Western 
Ganida twithndthe Fraser ©(3,620 ica Columbia (2,890 mee Nelson 
(2,830 sre Yukonhe(2 3360 ea Skeena « «(1,760 he en Chur¢hil 1 
(45270 creole and £Stikime (iG),.08D Mis) Rivers following in order 
(Environment Canada, 1978b. plate 20). Several of the major tributaries 
of the above rivers (Liard, Peace, Thompson) are comparable in size 
to the smaller rivers in the above heirarchy. Laycock (1976, pp.11- 
12) suggests that: 


"in general the mountain streams have the largest and most dependable 
annual yields, a more favorable regime with a greater ground water base 
flow, a broader peak flow in spring and early summer and less severe 
flooding and erosion related to flooding than streams in the foothills 
and plains. The foothill streams are intermediate in yield and normal 
regime, but many are subject to flooding and erosion, especially with 
overgrazing, clearing and burning. The plains streams have low and undepend- 
able yields, maximum flow in early spring of most years (and with flooding 
in late spring and early sumer of some years) and relatively poor quality 
flow." 


Theivetol.bowing 2idiscussionyp isk anweelaboration motesthesenssenenal 


patterns in the major drainage basins in Western Canada. 


Arctic Drainage: 

The Arctic drainage is the largest of the four major drainage 
systems in Western Canada (Figure 2.4). It encompasses an area of 
approximately 3,557,000 square kilometres, including portions of 
British Columbia, Alberta, Saskatchewan, the Yukon and most of the 
Northwest Territories. As was stated earlier, the Mackenzie River 
basin (situated in the Arctic, drainage) is the largest in Western 
Ganada. The Mackenzie is "supplied" by a number of large tributaries, 
including the Liard, Athabasca and Peace Rivers (Figure 2.5). (Specific 
characteristics of these are listed in Appendix I-A). The headwaters 


of these major tributaries are located in the mountains in western 
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Alberta, northeast British Columbia, eastern Yukon and the western 
Mackenzie District. The seasonal streamflow pattern of these rivers 
is typical of a mountain, snowmelt regime, experiencing minimum flow 
during the winter months (January to March), and maximum flow during 
the late spring and early summer months (particularly in June and 
July) when warmer temperatures melt the mountain snow and rain falls 
on the lowlands. 

The major northward flowing tributaries of the Mackenzie River 
are also subject to ice jam flooding during spring break-up. As 
was previously explained (in the climate section) the southern reaches 
of many of these tributaries (including the Mackenzie River) are 
in the southern portion of the basin where warm spring temperatures 
usuaflty Soceur’ "first #1 This® can i*catise’ sthearriversdice ston break=uptein 
the south and flow northward until it meets and jams against the 
still solid northern river ice. These jams have often caused extensive 
flooding in many northern urban communities and will be discussed 
further in Chapter IV. 

The eastern part of the Mackenzie River basin has been extensively 
glaciated and the drainage organization is poor. The many _ lakes 
in this region, including Great Bear lake (31,450 square kilometres), 
Great Slave Lake (28,680 square kilometres, 616 metres deep), and 
Lake "Athabasca’® @7.,966 “square *ikilometres)* »(Figure 2.5) contribute 
to modification of the Mackenzie River's flow regime. These lakes 
provide a more stable flow to the Mackenzie River by acting as large, 
natural regulatory storage reservoirs. 

AS Filsures® 2 94¢ Yand #225 Sindicat eye the: (Back eRiverys which qdrains 
af areas of SH11077000 square "kilometres? ,.1shealsostlocatedpeineithepArctac 
drainagesP*The northerly Wocation* teh thelebacks, Riwenyigbasineidelays 
the periods of maximum and minumum monthly discharge as melting 
occurs ‘Tater’ “The "maximum “meamsmonthlys flowas( 25070 eye) occurs 
-in July (Appendix I-A). There are, however, very few inhabitants 
or urban developments in this region and the extent of the flood 


hazard® is* Limited. 
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Hudson Bay Drainage: 

The Hudson Bay drainage (Figure 2.4) is the second largest 
drainage network in Western Canada encompassing most of southern 
Alberta, Saskatchewan and the District of Keewatin, and all of Manitoba. 
The Nelson River basin (1,320,000 square kilometres) is the largest 
drainage basin in the network (Figure 2.5). There are, however, 
areas of internal drainage located within this basin which are difficult 
to define because the area involved varies from year to year depending 
on the annual precipitation and prior ground water and depression 
storage (Figure 2.4). 

ihe iNéebson; River (adseetedy by-bseveral wlarges tributariesvewhich 
drain into Lake Winnipeg (Figure 2.6). In the west the Saskatchewan 
River basin drains an area of 347,000 square kilometres and contributes 
about 39 percent of the flow in the Nelson River basin (Environment 
Canada jm, 1975,)\p.44)er The «headwaters |ofeyrhercSaskatchewan WRiver are 
Lécated .fituediighwipmecipiatationm wegdonsthof ytheseCordiTeralm( Figure 
2e2)s haycockaGhO5i. pd 9)iewsitatesd that | inaedryi tyecars™ [ON percenteof 
the North and South Saskatchewan River's streamflow originates in 
the Cordillera» and foothills .whiche)icontain ‘only about 15 »percent 
ef «the total basin areas, These, Chighssyteldss tare attributed ‘toishigh 
precipitation, low potential evaporation and widespread bare _ rock. 
During wet years, a much larger percentage of the flow originates 
on the plains. The tributaries in the Saskatchewan River basin (North 
Saskatchewan,South Saskatchewan, Red Deer, Bow and Oldman Rivers-—-—Figure 
2.5) usually experience minimum monthly average discharges during 
January and February, and maximum monthly discharges during June 
and July (Appendix I-B). In many years, the foothill regions experience 
heavy jespringnr rainfalls ewhich often icontribute, toishighyieldsesand 
can cause severe flooding. 

The eaSaskatehewan WwRiverinbasin, has Owelbatavely thitcletenatural 
surface storage. This can be a major determinant of flood occurrence 
because without adequate surface storage the flow can be "flashy" 
in nature. This is a problem in southern Alberta and Saskatchewan 
where there is little natural surface storage on the main streams 
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While the flow from the Saskatchewan River basin is basically 
dependable (adequate yearly flow), flow from the Red-Assiniboine 
River basin is not dependable (inadequate yearly flow) (Appendix 
I-B). Environment Canada (1975, p.44) reports that this basin which 
is roughly 260,000 square kilometres in size, only contributes about 
8 percent of the annual flow into Lake Winnipeg. It is not unusual 
for many of the tributaries in this "plains" river basin to experience 
zero or extremely low flows during the winter months. For example, 
where the Souris River flows from Saskatchewan into North Dakota, 
zero flows have been recorded in twenty-one years during the period 
of record 1930 to 1979 (Appendix I-B). The minimum monthly average 
Gischargesyduningysthe peniodwofjserecord:|is,conly }_0:09 nds for ~the 
month of January. The maximum monthly average discharge for the 
same period is 22.5 nore during April. A similar situation exists 
in the Qu-Appelle River basin and to a lesser extent in the Assiniboine 
and Red River basins (Appendix I-B). The higher river discharge 
occurs during snowmelt in March and April and in some years in May 
and June before soil moisture storage has been greatly depleted. 

The Winnipeg River basin, which represents only 13 percent 
of the Nelson River basin (189,000 square kilometres), contributes 
approximately 39 percent of the flow entering Lake Winnipeg (Environment 
Canada, 1975, p.44). The headwaters of the Winnipeg River are situated 
in the Ontario portion of the Canadian Shield which receives relatively 
large amounts of precipitation. During April and May, snowmelt and 
surface runoff from bare rock often result in high yields. During 
the year the flow in the Winnipeg River is more stable and dependable 
than that of the plains rivers (Appendix I-B). 

lt Asi,interesting.to- note that danuFigure 2.d.ethe (physiographic 
boundary between the Interior Plains and the Canadian Shield runs 
down the east edge of Lake Winnipeg. To the west of the lake there 
is very little surface drainage into Lake Winnipeg. Environment 
Ganada. (1975,.,p.44),) claims ,thats;the surface, drainage. from) .thel east 
side.,of Lake, Winnipes, accounts ,for,,.14,)percent. of pithes total.» flow 
into,s theswlake@ This gisesa dhieh,vield fore thepmel atively, smal bk parea 
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The Nelson River, which flows northeastward from Lake Winnipeg 
(Figure 2.5) has a very dependable flow with a maximum mean monthly 
Fl6ew™"of 3030 a fe (July) and a minimum mean monthly flow of 1890 
mays (February). This dependable winter discharge is maintained 
by Lakes Winnipegosis, Manitoba and Winnipeg and numerous’ smaller 
lakes which act as natural reservoirs and help to regulate the discharge 
in the Nelson River. The Winnipeg River is the only other river 
in the Nelson River basin to have a similar regulating system (with 
Lake of the Woods, Rainy Lake, Lac Seul and others). 

The* *Churehi lier River “~bpasing= VPocated* in “north central “Manitoba 
and Saskatchewan (Figure) 2.5), ‘is the second largest basin in the 
Hudson Bay drainage (212,000 square kilometres). As was the case 
for the Nelson and Winnipeg Rivers, the Churchill River is lake- 
regulated, and has a fairly equable annual flow. Many of the lakes 
in this basin are either located in the Shield or southwest of the 
Shield and have been formed by glacial activity. The minimum mean 
monthly flow during the period of record (1949-1979) above Granville 
Falls was 730 ht fhe in March and April and the maximum mean monthly 
flow was 977 Reis in July (Appendix I-B). A similar situation exists 
for the other two large rivers in the Hudson Bay drainage. The Thelon 
River basin (142,000 square kilometres) and the Kazan River basin 
(71,500 square kilometres) are both lake regulated, but have a greater 
variation between maximum and minimum mean monthly discharge than 


does the Churchill River (Appendix I-B). 


Pacific Drainage: 

The @Pacitic “drainage ‘system “ineludes =the” “coastal Vareas*™or 
British Columbia and ‘most of the’ Cordillera’ region (west of the 
divide) in both British Columbia and the Yukon (Figure 2.4). While 
it’ “is “the second “smallest “of ‘the’ four drainage systems (1,095,000 
Square kilometres), “the Pacific drainage “has the largest’ average 
Gischaree “(Table "2.1). On ‘Che Yiver *discharge™= hierarchy listed" pre= 
viously, the Pacific drainage has the second (Fraser), third (Columbia), 
fifth (Yukon), and sixth (Skeena) largest rivers in Western Canada 


Cfiapre 22). 


geqinni¥ oxel morl DTBW ” " 
viduaom ween oumixem & datw wei? @idabns sith - 
0085 Yo woll ¥liinem neem mio borin a au (etut) 
hextatnien at sgxedoek® “pesatw sibel Ciah 
“w“9fiema auvotsmin bas aoqinn tl bas edostnen’ 


7 


sib sda sI6luges of qisé na atfov t6aeT' Sen 
iyo 6COV 9 &f wevil seqinal sav sxevi 

¥e guigsiugs rsfimte « sve o2 itnad yovedl noi 
sion bee lue® ond ean “orate yabe r 


eo 


| ‘ 
| en aiee [ lebeed’ 2oyka riidoy 0 
sel b » ste 2 (t.4 ot nugtt) “aes oho 2 
seam! 606 ,; SPS) sguivanh neat 
ew lF oatt 1iW brs ‘ncet ta 
% ups witiet «& Per | bre 5 i. on 


orate at8 ‘ate i S 
ot need oved 
eri get bas) wok $ ; ve 
‘i ‘a oft 
‘teat, wi ey" am TT og aint 
r giel ows telso ad 
| od S88) ntan 
taf bd asttomot ta oxaUpar 00% 
semiedn : hi 
(E2T xbbws wis tPadetudeens se] 
ragenter@ 
tah ob tise” wer’ 

ot Sel 

— ea tabte 


buossa” wea Te 


(= sm a 
Y “wits 254 otdsty grad 
‘ok mainte ov 
o184 aergeae ) iinie Ons , (rotut) 


We 


30 


The Fraser River basin, which has the highest mean discharge 
(3, 620 i) in the) Pacific drainage,’ is: typical “of a‘ mountain, 
snowmelt regime. The headwaters of the Fraser (and most of its tribu- 
taries) are located in the high precipitation regions of the central 
and southern Cordillera (Figure 2.2 and 2.5). The maximum and minimum 
mean monthly yields on the Fraser River are 7136 moe (June) and 
813 eis (March) respectively (Appendix I-C). This indicates that 
maximum yields usually occur on the Fraser during spring snowmelt 
in June. Flooding in the Fraser River basin has occurred in numerous 
years during the spring snowmelt with the maximum daily discharge 
on record registering 15,178 ave at Hope in 1948 (the mean discharge 
ise Onivier3 , 620 ios The record minimum daily discharge recorded 
at Hope was 340 mae in 1916 (Appendix I-C). When this minimum discharge 
figure is compared to those of the southern plains rivers (Red River 
0.03 eke 193720 Assiniboine. Riverni0.57 ca oe 1936; Appendix I-B), 
thesimelative, “reliability sohvriver tdischarsewin the «Paciticudrainage 
is apparent. 

TheetGelumbiae Rivers basan,lAwhiehijedrains an area of, 154,600 
square kilometres in southeastern British Columbia has a mean annual 
discharge of 2,890 eae (Appendix I-C). The Columbia River basin 
exhibits the same basic regime and yield characteristics as the 
Fraser River and a simple comparison can be made between the two 
basins from the data in Appendix I-C. 

dhe (northern¥iriveciebasins! gcere.7 Yukonsvand Pits itributany,) the 
Pelly) also exhibit the characteristics associated with a snowmelt, 
mountain regime. For example, the Yukon River basin, which drains 
an(area,.of.+approximately 275,000 square kilometres in «the» Yukon 
and northwest British Columbia, has a maximum and minimum mean monthly 
yield (1945-1979) of 5920 agile (June) and 423 file (March) respectively. 
This |,indicates \.a,jhigh, yield» during the spring snowmelt and a low 
yield tduringi} latemwinter sjusti prior: tos warmer springs temperatures: 
Most of the southeastern and eastern headwaters of the Yukon and 
Pelly Rivers are, ‘however, located in areas of lower precipitation 
than that in the higher mountains to the south and west. Therefore, 


the annual yields per unit area of the Yukon and Pelly Rivers are 
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lower than those of the Fraser and Columbia Rivers. For example, 
the mean annual discharge to area ratio of the Yukon River basin 
LS 92500 mere per 275,000 square kilometres. In the Fraser River 
basin this’ ratio is 3,620 ar ile per 233,000 square kilometres. Appendix 
iC" fis ’a listing “of i ‘somes of. the: sbasin characteristics for ‘these 
and the other major river basins in the Pacific drainage. 

In the previous discussion on climate it was explained how 
certain low level regions on Vancouver Island and the Pacific coast 
received heavy winter precipitation in the form of rainfall. The 
Cowichan River provides an excellent example of a river basin which 
experiences maximum runoff during the winter and low yields during 
the summer. The Cowichan River, which is located on southern Vancouver 
Island, covers an area of only 596 square kilometres. During the 
period of record (1913-1979) at Lake Cowichan the maximum mean monthly 
discharge (92 ee) occurred in December, and the minimum mean monthly 
discharge: “(7.3 m/s) occurred during September. There are many other 
rivers in this region which might exhibit these winter runoff character- 


istics including the Somass River (Appendix I-C). 


Gulf of Mexico Drainage: 

The Gulf of Mexico drainage includes only a very small portion 
of Western Canada (29,000 square kilometres in southern Alberta 
and Saskatchewan) (Figure 2.4). The major river in this southward 
drainace. is) the Milk River J(Fipure: 20) which) “drains an carea of 
approximately 6,811 square kilometres. The mean annual discharge 
for the period of record (1910-1979 at Milk River Townsite) is 186,460 
Cubbie) decametres, much of which is the “result (or “transterss from 
the St. Mary River in Montana. Most of the flood problems have occurred 
from snowmelt and rainfall on the foothills during May and June. 
The June 1964 flood event is described in Chapter IV. 

The Milk River flow was not very dependable in the years prior 
ton water “diversion from. the St. .Mary...Rivers “In gnine @yvears, during 
the period of record, the streamflow at the town of Milk River dropped 
fomzero. Im.ipast years. it thas been mecessary.-to divert water from 


the St. Mary River into the Milk River to supplement flow during 
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the summer months e(Appendixii—D) )sopsthat. theres is sufficient water 


for irrigation in Montana. 


 eaew smghoitiwea 24 stadia 


CHAPTER THREE: LITERATURE REVIEW 


3.1 Introduction: 

During the past thirty years a substantial amount of literature 
has been published concerning many aspects of flooding. After reviewing 
much of this! *diteratures * however feithe® vauthor ® wast abdezueo locate 
only?!) limited® reterences to” a’’classification of ‘thes factorsi"which 
cause flooding. In most of the flood related literature relevant 
towethis study, eetther "the Stechniical” characteriseticsivor Miloodings 
the obvious flood causal factors associated with a specific flood 
event, and/or the flood history of a particular location, are described. 

In areas of flood research, such as dam safety and flood plain 
management, attempts have been made to classify particular flood 
problems “Ce.¢g. “Burton? 1962) -Tada- and “Ohya 1969, White ©1961)."eVery 
few attempts have been made to classify flood causal factors, except 
as a subordinate discussion in papers on specific flood events. 
Two early and extremely general classifications were those of Russell 
(Z90B8" ppl19s=212)6 Vand” Barrows 9) (1948 J" tpp.4—7).2>Russeld- triedwto 
Wolassifty’™ the most basie* forms “of flooding by type Cice jam floods, 
rain. bloods, “esunam: (floods. snowmelt floods, etc sy). White Russell's 
classification was little more than a simple listing exercise, he 
did recognize that flooding could be caused by a combination of 
events: 


"Floods depend largely on the topographical features of a country, in 
combination with sequence of rainfall over its various parts. For any 
particular river basin the number of combinations capable of producing 
a flood or high water is large, but the probability of any one of them 
occurring is small in the case of many rivers. The occurrence of many 
floods may therefore be considered as due to a combination of favorable 
circumstances or as purely fortuitous.'' (Russell, 1906, p.209). 


Barrows (1948, pp.4-7) also attempted to develop a classification 
of flood causes. Like Russell, he was able to identify the principal 
flood causal factors, but unlike Russell, Barrows attempted to divide 
the components of his classification into natural and _ unnatural 
flood events. Barrows, however, was unable to associate man's influence 
with natural-type flood ‘causal factors and’ his) classification was 


not indicative of potential flood events. Had Barrows read what 
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Russell published forty-two years earlier, he might have designed 
his classification to be more practical and interrelated, that is; 


"The clearing of forest from land, the extention of cultivation, and 
the introduction of subsoil drainage, may have some effect on river regime, 
tending to increase or diminish the highest water stages occurring during 
floods."' (Russell, 1906, p.209). 


The limited development of both Russell's and Barrows' flood 
causal classifications reflect the shortage of flood related information 
prior )tomthe #1950's?s | Whilelimoreeainformation eis tpresently -avaibable, 
however, a detailed classification of the factors that may cause 
or contribute to flooding has not yet been developed. 

The material presented in the following sections of this chapter 
will illustrate that much of the relevant flood literature is primarily 
concerned with the technical elements and/or major flood causal 
faceorsetoiifia Specifie event. Ttusisalanticipated that facereview of 
tis  Siatime twill «provide ias definitaon lof, the scurrent! state of- tidicod 
research and a brief indication of the types of material available 
to those involved with flood damage reduction management. A review 
of the "state-of-the-art" literature dealing with flood frequency 


analysis will also be _ presented. 


3.2 The Technical Literature: 

In the technical flood literature reviewed, reference to the 
factors which cause flooding and contribute to variations in flood 
intensity varied widely. Rodda, Downing and Law (1976, pp.242-245), 
for example, refer only briefly to snowmelt, rain and dam failures. 
Sintlarty, BbeopoldC19745n tp.) hvconcedestothati khpziorlisoid¢ smotseuxe 
Storageatconditions Sicantuhave:! aniweffecteson flooding, éibute»yprovides 
novsfurther Sinsights vanto “the effects,» jothere !floddyecausal -.factors 
such as urbanization and vegetation removal can have on flood intensi- 
ties< 

Many authors have also approached flooding with the attitude 


that’ ‘ae’ technicalte andimstatistical, understanding s,of flooding, will 


betgtzeb svan sige, 


<a! tef2 ,bosates 


ban. ,orsigevti i: 


i nhs 
ua Bria is 


a 
* 
) 
» 4 4 
ic ; 
‘ 
ry r f 
i 
‘Ss ¥ WG 
A 
4 
2°1a9 Aue 


-~lbeaatt i boot 7 a" 


ghesthaae ona az 


i ijw gnibooll 


—s.. 


— 


io! 


1% 


bey 


sat ns baits Ls 


a: of ibeiwl 4 on 
Longer certs 00 73a ania, mitaat ys gee tb. Le 
t ) 2eqgnae tayteae teeelgie wrt “es id 


vi, 


a. 


© 1 
ra 


‘Ifeeeuh dood in 9 . fabs’ a3 
0 £3 : stone sly Hori ant banal E 
qc af molsameninl. o7en otzaw> . 2 = 3, 
‘90%. of tc ywotseslteaesta, beftaae® 
sf s¢ jon eed gribool® 3 
| o} beaoseeTQ) fer 
tb siz. 3a doom 3647 8 ett 
J 5 Savana stide of tt Pa 
‘1 jneve 2tTtaeqe 6 Io 
s sbivetg Le or 
nes: int Fated p bs Uy 
a eqf? dalw bay Sova 
“375-0083 jutouese 2 
‘esq od, cola. liiw os 
¢ =i S 
yan - q 
wut de woe BE ies 
ute? bun festaoes alt 
Fer; :yoal > eae di tie 
vil ,okhe® .elobiw bar 
| <purtwene e yl iatre eine tele 
oe 4eA2 ly ) ver) 
ibeol) oT : wal oan 
+ sed sata ado oani & 
evan ae. lLavomws soigaiegs¥ bettn not demteed 
. aa ; 
gribool? bodanorgge eale oval cvotsnns i= 
anthasjesobow ieobvei 022 bne eo nt 


or on ve 


es 
= 7 : a cy 


7 


i) 


Lead, to, successful. control, ofasthis;ihazard) (e.uga, Kiter 1927, faeopold 
1974, Nash and Amorocho 1966, Rodda 1969, Santos 1970). The compendium 
prepared by Chow (1964), for example, is considered to be one of 
the better reference works on hydrology. Chow has reviewed most 
of the complex technical aspects of flooding. Throughout this relatively 
detailed material, however, there is little reference to any of 
the’ “numerous | “flood== causal | factors. "Similarly, Hoye and” Lanebein 
(1955) and Leopold (1974) have only considered the technical charac- 
teristics of flooding with passing reference to many of the more 
apparent causal factors such as rain and snowmelt. Dunne and Leopold 
(1978) have progressed somewhat further than this. In their recent 
publication they recognize the contributing effects of certain flood 
Catical factors including dam’ “failure, soil moisture content, “and 
urbanization. Much of their research, however, is focussed upon 
Enesstatichical Pcalculation “ofthe “flood, hazard, and) no! association 
has been made between the many factors which can cause floods and 
the use of flood frequency analyses. 

Attempts have been made, however, by a number of researchers 
to identify more than just the most commonly observed flood causal 
Bact ors mcsnowmel i.) rain. sand sor ls conditions). “Wards 11975) 5 p.762) 
has separated the factors affecting runoff into those factors which 
combine to “anftluence ‘the “total ‘volume’ of -runoff over a period. of 
years, and those which combine to influence the distribution of 
runolt) sans {hime over -a period of ‘less than one years, In bis first 
category, Ward identifies the water balance and the physical charac-— 
teristics (area, altitude, ‘slope; soil and: rock type). In his» second 
€atecory, s the: Lactorsattecting (the distribution or runoti in time, 
Ward identifies meteorological (type of precipitation and rainfall 
intensity “and. distribution), and human factors: (hydraulic. structures., 
urbanization: and vacricultural ‘techniques). In*shis@ discussions.) of 
these factors, however, Ward never adequately develops the idea 
that these flood causal factors can cause flooding and/or contribute 
towftlood “intensities... for example, when ‘discussing the “ebfects sof 
hydraulici structures, Ward “C1975, p.272)' Mstigeests “that the-veftects 


of flood peaks are normally reduced by the dam reservoirs, but does 
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not acknowledge the hazards associated with dams, that is, failure 
and over-topping. Viessman et al., (1977, p.582) recognize that a potential 
does exist for dam failures; 


"Critical in the design of a structure such as a dam is the possibility 
of failure. The sudden release of large volumes of impounded water can 
create damages even far greater than those experienced prior to construc— 
tion. Initial heights of retarded water behind the dam, disregarding 
the total volume of stored water, can produce destructive flood waves 
for a considerable distance downstream." 


To prevent dam failure and over-topping the U.S. Task Force on Spillway 
Design Floods developed a classification of dams (Viessman, 1977, 
p.96/). In this “elassification, dams have been categorized into 
major, intermediate and minor sizes, with the storage, dam height, 
loss of life, flood damage and spillway design flood indicated for 
each dam size. For major dams the spillway design flood has been 
described as "probable maximum; most severe flood considered reasonably 
possible on the basin,' and for intermediate sized dams, it is described 
as ''standard project; based on most severe storm or meteorological 
conditions considered reasonably characteristic of the specific 
region."' In both categories of dams, the spillway is designed to 
the potential flood conditions considered most '"'reasonably" characteris-— 
tic or possible in the area of location. In certain regions of Western 
Canada, however, there is a potential for very rare and exotic storms 
Lo occur ‘(e,0.. Imtvusuon ol ml ain mass vonto the .praiyzes and) then 
rapidly uplifted) which could be outside of the "reasonable" guidelines 
used tO Gesign the dam and “spillway structures. It is, therefore, 
important that planners be aware that there is potential for unusual 
events of this type in their regions. Similarly, Stolte and Dumontier 
conducted research on the flood frequencies for mountain and prairie 
streams in Alberta and Saskatchewan. Within their report they suggest 
that flooding in this region is caused by snow and/or rain. This 
assumption is only correct in the broadest terms, and like most 
of the technica! literature, the flood causal factors are only referred 


to as background for the primary research. 
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3.3 Specific Flood Literature: 

The author was able to locate many references to flood causal 
factors in the literature discussing specific flood events. Many 
of these flood reports have reference to only the most obvious flood 
calisal.. factors, ,sand,often, less significant. but. important. .factors 
are ignored. For example, when Chin, Skelton and Guy (1975) analysed 
the spring 1973 Mississippi River basin flood they examined only 
the meteorological aspects of the flood as these factors appeared 
LOU be ine omo0st Sionifticant and. contributing +,ebements..9 Similanky, 
Cooley, Aldridge and Euler (1977) elected to describe only the meteoro- 
logical elements of the December 1966 Grand Canyon flood in Arizona. 
In each of these examples there was no reference to any other factors 
which may have contributed to the flooding, that is, land use changes, 


urbanization, soil moisture conditions and others. 


Savi. Rain: 

The flood causal factor most commonly discussed in flood reports 
is rainfall. The degree of inclusion of other causal factors varies 
bye eceport.. Tha, meportss of, Aldridge. (1970), . Burkham# 1G1970) .auBut ler 
andy sMundowts:,. 501970). 5 Childers. Meckeh wands sAndersoens.@1972).,..Dean 
(1971), Gilstrap (1972), Roeske, Cooley and Aldridge (1978), Rostvedt 
(1968a, 1968b,. 1970, 1972), and Schroeder (1974). are typical examples 
of studies with this limitation. Roeske, Cooley and Aldridge (1978), 
for example, examined the 1970 flood which occurred in the states 
OLe Arizona, mUtah,«iGolorado, and sNew Mexico. They onlyas flood, causal 
factor referred to was the record rainfalls which resulted when 
a mass. .0of moist, tropical sir from) Pacific. stormuNorma collided. with 
a cold front from the northwest. The influences of other flood causal 
factors (e.g. land use changes) were not considered. 

Rostvedty (19684... 1968p... 9/1970, o41972)) has compiled scm aawyearly 
summary of the outstanding floods recorded in the United States 
for the U.S ..~Geolopical Survey. (Many s.0lwmthes £1o0d edescriptions, 
however, refer only to the most apparent causes of flooding (usually 
one or two factors). For example, when reporting on the severe 1963 


floods on the western slopes of the Appalachian Mountains from Alabama 
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to West’ Virginia and™ Ohio, Rostvedt (1968b,- p.B.1) claims’ that rainfall 
from three storm systems caused the flood. Certainly the precipitation 
from these storms was the primary cause of the flooding (resulting 
in 26 deaths and approximately $100 million damage), but Rostvedt 
makes no attempt to identify what other factors may have contributed 
(e.g. excessive land use changes such as coal mining, forestry, 
increased urbanization). 

The previously cited examples are not the only cases where 
there. hasbeen say ilimated ‘identification, of,,.flood .causal factors: 
Although it would be possible to compile numerous examples of this 
type, the utility of such research is unclear. Many reports have, 
however, included limited consideration of the effects of other 
flood causal factors during heavy rain events. Boner and Stermitz 
(34967), ..Henz,.\Scheetz. and, Doehring (1976), Matthai .(1969),. Rostvedt 
(1968a), and Snipes (1974), have reported on floods in the United 
Sbates » where; the principal causal-=\factor . was .rain,,and have also 
identisted..other contributing. .flood, causal factons.,y.For example, 
Maia seit) WicesL%00 sreportyvon “thes June, 1965 -ploods Uiny the. South 
Platee River-.~basin,.in «Colorado, sugsests,.that the  ~flood producing 
storms followed a relatively wet period which created saturated 
soil conditions. The resulting surface runoff was particularly heavy 
because, .the .soil..was unable) to. retain.,further  moisture., Matthai 
(1969, p.12) further states that the snowmelt runoff was a contributing 
but not, Signi ticant ~factormduring .the efilood. An.important) observation 
contained in Matthai's report was that "through Denver and its suburbs 
the amount of overbank flow along the South Platte River was aggravated 
by plugged bridges; and the depth was increased by encroachments 
on thenflood plainawie this J/statement, clearly indicates. sthe ypotential 
influence of engineered structures on flood flows, and yet this 
was one of the few references to the potential repercussions of 
_man's activities in the flood reports reviewed. 

Despite an earlier example, J.O. Rostvedt of the U.S. Geological 
Survey has occasionally attempted to identify more than one causal 
factor when reporting certain flood events. Rostvedt (1968a, p.1) 


suggests that the 1962 floods in Idaho and adjacent areas of Nevada 
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and Utah resulted from; 


"a combination of prolonged lowintensity rainfall, moderate amounts 
of snow on low-altitude areas, a period of high temperature, and a glaze 
of ice over deeply frozen ground." 


Other researchers in the United States have also reported 
on many of the most basic flood causal factors. When reporting on 
the 1976 Big Thompson flood in Colorado, Henz, Scheetz and Doehring 
(1976, p.284) explain that heavy precipitation (caused by a convergence 
of warm moist air from the Gulf of Mexico and cold air from Canada) 
combined with soils which had a limited surface storage capacity 
and steep slopes were the main causes of the flood. Snipes (1974, 
Delje reports that -Ehe June L965 “floods, in the Arkansas River basin 
werecaused by the combined effects of heavy rainfall, snowmelt runoff 
and "Saturated soil conditions. Similarly, Boner and Stermitz (1967, 
p.-B1) report that comparable conditions led to the June 1964 floods 
in northwestern Montana where 30 lives were lost and damages exceeded 
Sop) mrliton (1904 Us. dollars). These “reports, however, are very 
limited with respect to the potential runoff contributions of other 
PlOOd Causal factors. Aside ‘from ia .description of Lhe most, apparent 
Causal  tactors, there 1s @rarely any ‘«eflerence | to mans ~iniluence 
on the runoff patterns and subsequent flooding. 

Rain caused floods have also been documented in Canada by 
the federal government, Inland Waters Directorate (e.g. Smith 19753 
Warner, 1973; and Warner and Thompson, 1974). Warner (1973) examined 
the June 1964 Oldman and Milk River floods. Extensive flooding was 
experienced in southwestern Alberta and Montana after heavy rain 
fell along “the foothills, “parallel to the eastern slopes of the 
Rocky Mountains. Warner (1973, p.1) suggests that although the flood 
was primarily attributed to the heavy rains, other conditions also 
eontributed, Prior to “the heavy June’ rains, ‘precipitation. during 
May 1964 had been 100 percent above normal in the headwaters of 
the Oldman River basin. The usual snowmelt runoff pattern was late 
because below normal temperatures were experienced in the _ region 
between March and May. As a result, the major melting of the snowpack 
began in late May and continued into June at a sustained high yield. 


Warner (1973, p.6) states that these two factors, that is, the unusually 


2 Rah 


~ i] 
tL oy, 


sihien Jian ateresut-unt, 


STUIe TS Wigtti ‘lo borieg & u pan 


car a9 3a7¢ 


boziau © of y 318 
_2vayset Taeieis boold stand “i & ei 
‘ebazeloD al bool wong ine ae gt 


5 eal) 
AWII282 
iu oM 
1] 
' 
‘ pI5G2 


shitootea 


© ying 


> 


mF 


oy, 
: yvRod. sone we ee - ) 


to YiwD eng nord aie 
e bec dAotte ne 
0 mn ef) stew tag a! 
740 ¢ eps wat ‘deh ee a 


lis tewiteos “S29 
aa 


ere 004 ee ee | ase it 


He. BORE Be 


sale 
oft" ae i» 
a J a 

, wns vdg Ist ts 


wteW baie vere 
cenie iG ager 
avwhadon ab : 
iyou? ad? gna 
snzaw 4 — wh 
wd ta a remt* 
oy sits nea * 


int need bat aa 


j a 7 cy 

f | * 

ii sai ei) a was 
i 


a ws «ftenrron Wot 


40 


heavy May rainfall and the late snowmelt, Gredted saturated soil 
conditions and high river levels. Therefore, when the June seventh 
and eighth storm occurred, the streams responded rapidly and record 
high yields and flooding were experienced in many areas of the Oldman 
and Milk River basins. The flood damage was particularly severe 
in the United States and it is better reported by Boner and Stermitz 
(1967). 

leatast interesting Loy note gthat the orflooditan the Oldmanieand 
Milk River basins occurred in 1964 and was not reported by the United 
States Geological Survey until 1967, and by Environment Canada until 
1973. These "after-the-fact'" reports which are often conducted many 
years later usually describe only the most obvious flood causal 


factors’. 


3.3.2 Snowmelt: 

Snowmelt floods have also been well documented (e.g. Anderson 
and Burmeister, 1970; Brice and Reid, 1975; Environment Canada, 1974; 
Fuasers River! eBoard.4 1965953 yO2Connhe] fmands iRostvedt,o1972sivSewe 19964; 
and Waananen, Harris and Williams,1971). As in most of the precipitation 
flooding reports, snowmelt was generally not the only causal factor 
referred to. For example, Anderson and Burmeister (1970) reported 
thatd-the wW965rt sprime @flloed Noveither upper «Mississippi, Riveréchasin 
was essentially the result of a sudden and heavy snowmelt. However, 
this snow cover and an impervious frozen ground surface contributed 
to increased runoff when heavy spring rain storms occurred. 

A 1974 Environment Canada publication on the 1973 New Brunswick 
floodeuprovidéow am further Vdxample wofe theeilimited referencemito the 
flood ccaucall® factors avhtichs) potentially -ycontributedse tot tthe tetlood. 
Environment \eCanada (1974, pp'-14)< states thatmthe *flood ewasmcaused 
by a combination of only two events; heavy snowmelt and storm precipita- 
_tion. Apparently, by the end of March, snow accumulation in New 
Brunswick was higher than normal. Some of the snow in the southern 
region of the province melted during early April, but in the northern 


areas and upper portion of the Saint John River basin, cool temperatures 
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persisted and heavy snowfall further increased the water equivalent 
of the snowpack. In late April. most of this snow melted and during 
this time .a“imajor storm dropped over 10 mm of rain’ in many 
locations. The already swollen rivers (from snowmelt) flooded with 
thetmaddition*yofiriurther runoff. This. is) al ‘classic® report containing 
most of the same elements and techniques found in other Canadian 
and American flood reports. There are, however, no references to 
obher téeaucalejtactors’ which could* have’ contributed troit the flood: 
The report did not contain reference to the possible yield increases 
or timing influence on the runoff from areas of the watershed which 
had been logged (Cheng, 1980; Cheng et al., 1975; Helvey, 1974 and 1980; 
Hewlette2ande Helvey,y 297052 Swansonso1978; Swanson tand *Hiliman, 1977a 
and 1977b). There was no reference to antecedent soil moisture con- 
ditions, nor to the possibility of increased runoff from a frozen 
ground surface. There was also no indication of what effect (if 
any) ‘urban entererghadit on! tehet thloodiepeale (HollistaLs 75; Mackenzie 
19615) MePherson: 119745 Taylor *1976¥eWaananen’ 19699" Many @of the above 
factors, © while often Gindividiallyetnsionificant , canehave’ al tdramataic 
effect on peak flows when in combination. 

During December 1975, severe flooding was experienced in many 
river basins in western Washington State. Dunne and Leopold (1978, 
pp.-12-18) report that during November the Cascade Mountains received 
heavy snowfalls. In early December a large warm, moist atmospheric 
disturbance moved over Washington and heavy rain fell on the snowpack 
for. five days. Severe flooding resulted, particularly in the Snohomish 
Valley located northeast of Seattle, and damage has been estimated 
atetrouohiy te¢sOanini Mii onmeCUL Saas tWhen! abtenptingrato santriburese che 
rapid snowmelt runoff and subsequent heavy flooding to other factors, 
Dunne and Leopold (1978, p.18) claim that "under these extreme con- 
ditions, differences of runoff between vegetation and land use types 
tend to be relatively unimportant.'' This belief has been expressed 
by others (e.g. Saskatchewan, Department of the Environment, 1978) 
who feel that land use changes contribute a greater influence to 
flood flows during smaller flood events than during major events. 


This claim will be elaborated on in Chapter IV. 
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In most of the previous examples concerning snowmelt and rain 
flooding, only the most apparent flood causal factors have been 
identified for single flood events in particular locations. Many 
causal factors which could have contributed to flooding were not 
identified by the researchers. It is apparent that these micro-—flood 
reports are emphasized too much and that concentrated efforts towards 
predictive research could prove more useful. This does not' mean 
that these reports are of no value. Much of the information provided 
in these publications was used to design the classification of the 
causes of flooding in Chapter IV and to establish flood patterns. 
lt isitanticipated'’ sthat? ithe ‘classificariontiofy thé causes) ofarf looding 
will help to tie these isolated flood reports together so that broader 


general perspectives on flooding in Western Canada can be developed. 


3.4 Historical Flood Literature: 

When reviewing the literature the author located a third group 
of flood descriptions which involved a perspective view and historical 
surveysof (the iflood Wazardsin wpiparticulariwregion.eMany of) the erefer— 
ences in this group include descriptions of past floods to assist 
with current management. For example, Rannie (1980), while examining 
the flood control structures on the Red and Assiniboine Rivers in 
Manitoba, reviewed many of the previous floods in this area. Rannie 
(1980, pp.209-213) also examined the flood control system which 
was designed to reduce the flood risk in the Winnipeg region, with 
respect to recent flood events. The most recent event (1979) having 
almost exceeded the record 1950 levels. While these reports contain 
reference to many of the flood causal factors which are responsible 
for these events, no classification of these factors is presented. 

Numerous flood plain studies, which have been completed by 
individual provinces and/or in co-operation with the Federal Flood 
Damage Reduction Program, provide reference to the causal factors 
affecting a particular location (Alberta Environment, 1980; Beckstead 
and Garner, 1978; Fisheries and Environment Canada, 1977; Fraser 
River Joint Advisory Board, 1976; Lowe, 1974; Montreal Engineering 


Company Ltd., 1968; Outhet and Penner, 1979; Staite, 1979). For instance, 
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Outhet and Penner (1979 pp.1-2) have completed a flood plain study 
for Whitecourt ¢, Alberta. Iheyarefor to.sice jam. and rainfall. floods 
which have occurred in previous years, but aside from generalities, 
there was no reference to the factors which caused these floods. 
For example, warmer spring temperatures in the southern portion 
of the McLeod River basin can cause early break-up. When the moving 
Livery ice..encounters gthe ostill ~ftrezen wAthabasca River to, the north 
ananeice wjam, jcould form. Flooding «from precipitation ‘can be ‘caused 
by mT air masses which are uplifted by a cold front and/or the foot- 
hills. 

in s.beckstead's.9(19/8) flicod, plain. study of ‘the Oldman River 
atwclethbridge, .there is a short) discussion. of the causal factors 
which are usually responsible for flooding in this area. Beckstead 
(1978saeppev7—-8).. suggests, ithat  painfall..is the main ingredient of 
flooding, and that snowmelt only contributes to flooding by creating 
Saturated ground conditions and moderate streamflows which allow 
most streams in a flood area to respond rapidly to storm rainfall. 
Beckstead (1978, p.7-8) also refers to the meteorological elements 
which: contribute, to. flooding; 


"the intensity of the rainfall may be magnified by a particular but not uncom 
mon orientation of weather systems. This generally takes the form of low 
pressure centers over and just east of the Continental Divide which draw 
moist air travelling north from the Gulf of Mexico counter-—clockwise into 
an air mass travelling west."' 


When this moist air reaches the foothills and mountains, orographic 
liiping cam result Site tavense caintall. “(his (rs, ones, Oba stne. most 
serious precipitation flood types in Alberta and has caused severe 
fleoding “in, the Peace s@Smoky) River basin’ and other “basins. “This 
form of flooding will be discussed further in Chapter IV. 

When developing a plan for water management in the Saint John 
River basin in New Brunswick, the Saint John River Basin Board (1972 
and 1975) identified many flood causal factors which had previously 
caused {flooding sand could jagain in “the “future. ‘The eboard (1975, 
p.99) claimed that “short of a dam bursting, there cannot normally 
be flooding without excessive rainfall or snowmelt as a _ primary 


cause."' The board then elaborated on the factors existing “in the 
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basin which could cause flooding. These included ice jams, log and 
debris jams, failure of small dams, changes in land use (logging 
resulting in sediment problems), channel constrictions, and urbani- 
zation. “In their 1972° report, “the Board also. ‘identified “convective 
Storms \iandethurniecanes vas *tmajor=tsources “of' rainfall. The majority 
of government reports do not usually attempt to identify many flood 
Gausalogfactors, and tine this tway, Sthe Saint John River Basin “Board's 
reports were somewhat unique. 

For reasons stated earlier, the author feels that it is important 
fortcther floods factors’ deseribed in these*.and the previously cited 
sources to be brought together. The literature dealing with specific 
Floodyteventss;’stechnical “flood characteristics; and flood “overviews 
needs to be consolidated so that patterns which will assist planners 
to identify the potential flood problems in a specific region may 


be identified. 


3.5 Flood Frequency Analysis: 

To date the most common method used to estimate how often 
certain flood events will occur in the future has been to calculate 
the frequéencyea'Yor-Treturn “periods, “of “different “flood” magnitudes 
using the recorded stream discharge data. Some planners feel that 
flood frequencies based on the period of record are sufficient data 
Grewhicherto basep majora food control. and "planning? decisions’ Thrs 
standard assumption is, however, not necessarily valid. Various 
Combinatanons of Welidods causa lM ractors, ’and "the “occurrence of * "exotre” 
Pood eeventss" “may Tnoelsiave ccuryred: ‘during the period Yor Mrecord. 
Inconsistencies in the recorded data and changes in the causal factors 
(aus. iYandexdse,wadrvaanacesswetc:) ican) leadmtto Vincorrecr’ frequency 
analyses whith proften result@™in “inaccurate” flood damage reduction 
decisions. This problem is present not only in Western Canada, but 
also in other areas where similar data inconsistencies and flood 
frequency determination techniques are employed. 

In the following discussion these and other problems related 
to the existing flood frequency analysis techniques will be discussed. 


Tee isrtanticipatedethat ‘aereviewoot "this type willhelp illustrate 
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the need for other techniques to supplement this procedure which 
in turn will help to improve the flood management decision making 


process. 


3.5.1 Limitations of Flood Frequency Techniques: 

Frequency analysis is used by hydrologists to aid in the control 
of flooding and management of flood plain lands by determining the 
return period of recorded flood events and predicting the magnitude 
of larger flood events. Essentially, this involves assigning a return 
period to a particular river discharge event which can be expressed 
in terms of either its recurrence interval or its probability. The 
recurrence interval, which is expressed in years, is the average 
interval of time within which a given flood level will be equalled 
or exceeded (Fisheries and Environment Canada, 1977, p.8). For example, 
hydrologists have calculated that during the 1:100 year flood event 
On tie Bow River "there “woulda be “a ‘discharge of 275832 aie above 
the Elbow River confluence. The probability of the 100 year flood 
on the Bow River would therefore have a 1% chance of being equalled 
or exceeded in any given year. 

The progression of flood frequency analysis techniques’ has 
incorporated more mathematical statistics as the methods of analysis 
have become better defined. Flood frequency analysis was initially 
accomplished by plotting data points to an exceedance probability 
formula such as the Hazen or Weibull position (Stolte and Dumontier, 
197 7,40 p.1)s A best. fit) trequency ‘curve was. “then “drawn =through the 
points. These early plots, however, were often done subjectively 
and the best fit line exhibited curvilinear relationships because 
the flow extremes were usually highly skewed (Kite, 1977, p.215). 
A variety of probability papers were designed in an attempt to make 
the plotted points “fie a straight line more closely, but the subjec— 
tivity of plotting the frequency curve still existed. These preliminary 
data plotting and line fitting techniques are described in the litera- 
ture (e.g. Benson 1962a, Chow 1964, Dunne and Leopold 1978, Haan 
1977, "Smith andysotopp @ouy7oo. Most of the =supjective placement or 


the frequency curve has been reduced by the development of mathematical 
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techniques. sithere  swill be no giattempt, to discuss = “thew ‘ctatistical 
proofs of these techniques since they have been described elsewhere 
(ese... Gumbel... 1966:. Kite, 1977-. Stolte. and. Dumontier... 1977), . and 
have been studied by Booey at the University of Manitoba and others 
in the National Research Council Associate Committee on Hydrology. 

No general agreement exists among hydrologists as to which 
of the various theoretical distribution techniques should be used. 
For example, Spence (1973, pp.130-139) compared the fit of the normal, 
2-parameter log-normal, type 1 extremal and log-type I1 extremal 
distributions to annual maximum flows on the Canadian Prairies and 
concluded that the log-normal was the best fitting technique. Cruff 
and Rantz (1965) scompared, six probability, distributions. in, California 
and concluded that the Pearson-type III was the most accurate. In 
other studies Reich (1973, pp.291-303) conducted a survey of engineers 
and hydrologists in the United States and concluded that the log- 
Pearson type III was preferred over both the extremal type I and 
the log-extremal type I tests. Santos (1970, pp.63-67) found the 
log-normal distribution better than the Pearson type II1. Stolte 
and Dumontier (1977, pp.42-43) state that in Alberta the log-normal 
Il distribution and the log-normal II1 distribution provide fairly 
reliable estimates of the 100 year flood with short period data. 
They also state that the log-normal III distribution provides very 
Geltable results for a long term period of record. Stolte and Dumontier 
(1977, p.42) further conelude that the normal and Gumbel distributions 
both consistently provide low estimates of the 100 year flood and 
were, therefore, unreliable. This is a significant finding because 
the Gumbel distribution is widely used both in the United States 
and. Canada ,»for fitrane Jilows.. Alberta. Environment /G1974 ,ypp.9-10) ; 
for example, used the log-Gumbel distribution to estimate the 1:100 
year, 1:75 year, and 1:50 year flood discharges for the North Saskat- 
chewan River at Edmonton. The research conducted by Stolte and Dumontier 
(1977) provided support for the findings of the United States Water 
Resources Council Work Group (Benson, 1968, pp.891-908). 


The Work Group determined that the Gumbel distribution tended 
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to under-estimate the 100 year flood and that the log-—Gumbel distribu- 
tion over-estimated the 100 year flood. The Hazen method was also 
reaected »bywthe Works Croup,,onasthew basis: that it, 1¢ust00, ,empirical. 
The Work Group concluded that the log-Pearson III was the most suitable 
for application by all agencies. Pentland and Cuthbert (1973, pp.470- 
473), however, disputed the use of the log-Pearson type III distribution 
because when applied to the Fraser River basin in British Columbia, 
the results showed large discontinuities and unnatural flood frequen- 
ges; Pentland and, Cuthbert. claims that, the .log-normal. distribution 
was more representative in the Fraser River basin. Dunne and Leopold 
(LO/8..p4300), add. .furthers comfusiomsyte the, debate: when,.after looking 
at the log-normal, Gumbel Type I, Gumbel Type III and Pearson Type 
Ill distributions, they state,"the Pearson Type III distribution is slightly 
MOLE, Complicated ysto jwuse...we shave «not, found .its.cesults: to beany 
better, or even very different, from those of other methods." 

In Western Canada numerous flood studies have been conducted 
using different methods of frequency analysis. For example, Smith 
(1975,u.pp.9-10).+used . the. leg—Pearson .distribution,.when, analysing 
they 1971. Fort. »yNelson ptloodesan. northern, .Buitish Columbda. because 
it was recommended by the Hydrological Committee of the Water Resources 
Council of the United States Government. Most published flood reports 
in Western Canada, however, do not state the nature of the frequency 
analysis conducted, but only release the computed results. For instance, 
Warner and Thompson (1974, pp.19-20), while reporting on the 1964 
Oldman River flood in southern Alberta, published all the frequency 
data but did not reveal what statistical procedures. were used to 
determine their values. Warner and Thompson, however, did appreciate 
that short-term periods of record cannot satisfactorily define short- 
term floods. Many other authors, both federal and provincial, appear 
fon observe wihis Goractice. (Alberta, jEnvuironments 19/8,7.0S7o. 1980. 
Fisheries and Environment: Canada, 1977; Fraser. River Joint . Advisory 
Board,1976; Thompson,1973). 

It is apparent from this discussion that no single flood frequency 
distribution technique has been accepted as accurate or 


universally applicable. In British.,Columbia, .~foresexample, 
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the Ministry of Environment is currently using four frequency distribu- 
tion procedures to estimate discharges for various return periods; 
the log-normal, Gumbel, Pearson type II and the log—Pearson type 
III. Using a modified version of the Kolmogorov—Smirnov test (goodness-— 
of-fit) “and other criteria, the distribution which appears to best 
represent the streamflow data is selected. However, the decision 
concerning which distribution to use is not always straight-forward 
ana. *cespive tne” “expertise Off "the hydrologists, "Subjectivity can 
still be a problem. Like most other hydrologists, they are working 
with what is presently available while concurrently attempting to 
improve =the .existing “tecnniques. This “problem “also exists in many 
Sener "areas Of “the *world. ostolte and Dumontier (1977/7, p.43) ‘state 
thet the tact  thate no” totally reliable "method “is “available” for 
estimating the 100 year flood, regardless of the period, cannot 


be over-stressed."! 


3.5.2 Limitations in the Period of Record: 

Most hydrologists and hydraulic engineers presently involved 
in the computation of flood flows use the period of streamflow record 
as the input data for frequency analysis, even in areas of very 
short-term records. Essentially the nature of the data which can 
be abstracted from the period of record is either of an annual or 
pabrttal Tuuratton (type, (Kite, »19)7/,<. p.2lo)., The: vannual  seties. ‘data 
consists’ of the single largest “recorded flow for each year on record 
(one discharge figure per year). The partial duration series includes 
all events above a predetermined river discharge level. While the 
partrar duration series provides*more data fOr analysis, it 1S, difticule 
to select” an arbitrary “base flow ’and” subjectivity can occur when 
regarding the independence of an adjacent event. For example, closely 
consecutive flood peaks may actually be in one flood. In most flood 
frequency analyses, therefore, the annual series data are used most 
often because they are easiest to abstract and analyse. One problem 
with the annual series data is that the second largest flood event 
in a given year may outrank many other annual floods on the period 


or ‘recotd. The anntal series data are plotted and a statistical 
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technique is used to find the best fit frequency curve through the 
data points (described in the previous section). 

Theseperiod) obgyrecordsacsgoftens not long.,cenoush sto contain all 
the possible combinations of flood causal events which can occur. 
Lfgfa thong-tperiods off recordyexisted (100,000 years) withouts climatic 
and other changes then it would be relatively simple to establish 
thearftrequency,=patterns , direct ly, ijromy the,.recorded,adata.._ In, Canada 
and the United States, however, the period of record is often too 
short and in many cases is well under 30 years. Dalrymple (1960, 
p-14) and Kite (1977, pp.13-16) are among many hydrologist who feel 
that properly authenticated historical events can be used to extend 
the relatively short period of record and increase the accuracy 
Ofiethersanalysis. This) is, partially, correct, but in. ,Western Canada 
the use of historical data would not sufficiently lengthen the period 
Oipercconde, Lor analysis... Klemes: \(1980,,.p.10) states that historic 
streamflow records are "ridiculously short" for any attempt to study 
the frequencies of flooding. 

Another problem associated with using a limited period of 
record is that the various types of flood events may not be representa- 
tiveswoteithe« potential. nrangesioijeflood  wevents gwhich could. occur, over 
a longer period of time. Different flood causal factors have different 
recurrence frequencies and the presence or absence of a less frequent 
event can cause substantial inaccuracies and distortions in the 
frequency analysis. For example, the .occurrence of Hurricane. Hazel 
(1954) in a relatively small area of Ontario (concentrated over approxi- 
mately 100 square kilometres in the basins of Credit and Humber Rivers 
and Etobicoke Creek) was a very rare event and the flood discharge 
which resulted. from the.rainfall,was.far.greatern. than ,any\,previous 
event on record. The federal and provincial governments have taken 
the rain intensities and runoff responses from these small river 
basins and applied the same precipitation patterns to the Grand 
River basin “Cand others) to “estimate the 1000 year flood event: 
The, "Grand “River. basin. swhich fs very” farge,- "could Pabsorb=imuch for 
the ™ impact Prof the “same "type of storm” raintall “far better? *than’ a 


smarl river “basins lheeresult of this transfer from, small to large 
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river ‘basins has resulted im the s,upward skewing’ iof, the frequency 
curves for many southern Ontario rivers, giving a false impression 
for ('many flood return periods «‘(Klemes,. 1980, *psiil). As a» result, 
the frequency curves for many of the rivers in the affected area 
of Ontario were skewed upwards giving a false impression of the 
100 cyearovElood! (Kilemes,. 01980," p<11).» Similarly;sithes 1964 Alaska 
earthquake generated a wave train of tsunamis which severely damaged 
Port Alberni and other centers on the west coast of Vancouver Island. 
Yet this event was the only documented case of tsunami damage on 
the west coast of British Columbia which has been scientifically 
recorded. Is it possible to determine a frequency pattern for single 
events of this type? The previous examples are only two of many 
lsolatedrrevents (which ehavesloccurredimin «Canada; awandw theyipeniodrof 
record Fist notefcapablem of) providing! sufficientypdataneto determine 
the return period of these "exotic" events. 

Extremeimaitlood gevents caniroccumeas allresulty ofjfa combination 
of different flood causal factors. Once again, these extreme events 
are frequently not present in the period of record more than once, 
if at all. For example, a series of unusual meteorological events 
resulted in a very severe flood in the Big Thompson Canyon, Colorado 
IneHOv 63 


"Moisture from both the Gulf of Mexico and the Arizona monsoon had fed 
into the Colorado high country for 48-72 hours prior to and during the 
flood. This moisture influx provided the 'fuel' for the flood and insured 
that a conditionally umstable and moist environment would exist over 
the flood area. A chilled mass of polar air spilled off the Canadian 
prairies across the norther and central plains on Friday and Saturday, 
30-31 July. As the leading edge of this cooler air slipped slowly across 
eastern Colorado on Saturday, it converged very moist air toward the 
Colorado foothills. The slow movement of the cold air boundary helped 
to direct the strongest moisture convergence toward the thunderstorm 
system producing the flood rains."’ (Henz and Schutz, 1976, p.280) 


Other details of the Big Thompson flood are provided by Henz and 
Schutz sCL9yO,0 pp.27o-200),. ybut. it. is important to. notes that this 
Siete flood was) intensified. by the rain falling om soils with 
a low storage capacity and which were situated on steep slopes. 


The precipitation measured over 188 mm in a four hour period and 


the Elood caused 139 deaths. 
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Lise vduring! the ‘period®*of£® record, ‘no ‘major "£lood ‘events’ have 
oecunred’s theilopposite Vefhect Meany result. The» potential® may exist 
fore.vhe #occurrences of Wane “exotic event, but ih such an event* has 
not happened during the period of record then the frequency curve 
can be skewed downwards. The City of Calgary provides one of the 
most controversial and potentially serious flood situations in Western 
Canada. The townsite, which is situated in the Bow River basin, 
has experienced no extreme floods during the period of record, but 
theres® have “béen **several “significant ‘flood “events: “The following 
case study of the Calgary situation is included because it is one 
of the major flood concerns in Western Canada and is representative 
of a center with a flood potential which is often ignored. 

Prior to the start of instrumented streamflow measurements 
on the Bow River in 1908 the City of Calgary experienced numerous 
floods in the late 1800's. The largest of these occurred in 1897 
with an estimated maximum instantaneous discharge of 2265 Ee 
(hishersesr andveEnvironment-« Camadam 19775" *p.s69. Tneea9025"! another 
serious flood occurred which had an estimated maximum instantaneous 
dieeharce fot B1557 nie CFishertes P Cand “Environment Ganada,-" 1977. 
peooy%® Since? streamflow ““measurements®* began’ in” 1908,)" the? ® City “of 
Calgary has not experienced a major flood event. Two large floods 
(1929 -— 1343 eis: 1932 -— 1500 </> have® occurred™s ince? 1908, ebat 
neither closely approached the estimated 1:100 year flood discharge 
obe  2 9632 mais (above the Elbow River junction) calculated by the 
Montreal Engineering Company (1968, p.5). The comparitively small 
annual river discharge events which have been measured on the Bow 
River since 1908 have skewed the calculated frequency curve downward, 
which provides a distorted impression of the potential flood hazard. 
Despite this false impression, however, the potential for a major 
flood to occur on the Bow River at Calgary is still very high. Thompson 
CLO76) tppal=i erhacwereported’.6n VEwo major **raintal 1 ¥floods* C1372 
and 1902) which occurred in the Bow River basin upstream from Calgary 
prior Sto ’*the theeinning tof thet periods*of record? an /’1908% The Water 
Survey “of Canada has determined that there is approximately a 30% 


probability” in” any “given” yéar® ‘that"*a severe* rainfall event* will 
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occur somewhere along the eastern slopes of the Rockies from Montana 
tovecentral® Alberta. (Alberta) Environments" °1980;°"p.4)% ft" * is” only 
by chance that such events have not occurred in the Bow River basin 
in the past 73 years. 

Usually the major cause of flooding in the Bow River’ basin 
results from rainfall on the eastern slopes of the Rocky Mountains 
in combination with saturated ground conditions, snowmelt and many 
of the lesser contributors such as urban runoff, land drainage and 
changes in the watershed surface. In past years, these conditions 
have combined to cause significant flooding in the river basins 
to the north and south of the Bow River basin. In the North Saskatchewan 
River basin at Edmonton, major spring discharges have occurred in 
MOUS 19405 We 1952) 01954.) 8 196os and e1972" (Water Survey**oi@ Canada’; 
1977, p.220). The Red Deer River at Drumheller has flooded seven 
times “since “recording? began “tiny BOWS; 1915, "19207" 1928} 1948, 1515 
19> 2yrrands *1954P CStai tew’ = 197 95 8tpp.67=78).° "To. thes ssourh or /Calgary, 
the Oldman River at Lethbridge has experienced significant flood 
discharges Gin 1923, WitG42% 19532 1964; and**197>*KWarér Survey’ tot 
Canada’. 0197752 %p.232)88 Thereforey*the potrenvial ‘for flooding ‘ine Calgary 
appears to be high. Numerous floods have occurred in the river basins 
to thePnorth@tand ‘south *of =the’ Bow River “basin “since? 19065" andr At 
appears’ as °'though ‘at may be’ just a matter of time” until’ Calgary 
expemilences’ a Ymajor’®iloodi in “June -of° 1981 “heavy rainfall "in the 
Bow River basin produced saturated ground conditions. By June 9, 
the upstream reservoirs were full and releasing at maximum discharge. 
Cole (personal interview, June 10, 1981) suggested that if a heavy 
vaintial ovoccurred!idurimg that time} yoCalgary**would “experience “severe 
flooding. Rain followed on June 11 and 12, but no serious flooding 
occurred although the Bow was extremely high. 

The absence of any severe floods in recent years and the unjus-— 
tified expectation that reservoirs upstream will limit future flooding 
has led many people (including some in city council) to believe 
thatSeserious Eloodst will ®mottoccur again’ sin’ Calgaryy The: *preceding 
evidence and earlier records for the Bow River, however, show this 


attitude to be nothing more than wishful thinking. A _ significant 
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portion of Calgary has been constructed on the flat Bow and Elbow 
Rivemathkood plains. Districts in Calgary which “are “particularly 
susceptible to the 100 year flood(2,832 Sones include Bowness, Parkdale, 
Hillhurst, Sunnyside, Downtown, Bridgeland, and Inglewood. The municipal 
and provincial governments have allowed developers to construct 
residential, business and industrial structures along the _ flood 
plain despite the many reports which have clearly defined the flood 
zones, and proposed a number of solutions (Montreal Engineering 
Co. Lidawisl96Si.ande 1973; . Albertar.Environment,, ..1980)... Public. and 
business pressures, however, have blocked the implementation of 
many of the proposed flood damage limitation measures. Few of the current 
flood plain inhabitants, however, were present during the last flood 
event an 19392" {1500 nes) which was far below the estimated 100 
Year flood “ot * 2.552 men These people tend to believe that the 
power dams upstream on the Bow River will control any future floods 
(Osborn, 1975, p.49). Burton, Kates and White (1978, pp.35-36) suggest 
that a common problem with flood plain development is that the inhabit- 
ants tend to live with a false sense of security when structural 
controls exist upstream. Laycock (personal communication, March 
1980) suggests that it is not likely that any of the dams upstream 
of Calgary could be effectively used for flood control as they were 
designed for storage and head for electric power needs, and would 
Wstally = be full during Gthe  floode*period.. During “the spring. jthe 
reservoirs usually fill up before the flood threats involving mT 
Piremasses umichts OCcUremM refer \togcsisal, £Lactor, Alva) Li provision 
for flooding were included some releases might be realized, but 
these would be limited. The reservoirs need to be filled as high 
as possible during the spring so that sufficient water is available 
for power production through the low flow periods of late summer 
and winter. Therefore, it is not possible to allow a major lowering 
of the reservoir levels on the assumption that a flood "might" occur. 
If the reservoir levels are not maintained, power production would 
be seriously limited. There are, therefore, no grounds for the common 
belief that the existing upstream dams in the Bow River basin would 


control flooding in Calgary. 
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Klemes (1980, p.9) adequately summarized this section when 
he stated; 


"The present flood frequency analysis practiced by hydrologists is largely 
irrelevant to the problem the name of which it carries. The help that 
hydrologists were hoping to get from classical statistics is grossly 
inadequate because it arbitrarily relies on tools developed for different 
purposes and because it is rooted in inadequate hydrological understanding 
of the phenomenon of interest. It is not to the hydrologists' credit that 
they have devoted so much time and effort to the endless variations of 
frequency distribution fitting without paying much attention to the nature 
of floods itself. The knowledge that is necessary here cannot come from 
hydrology alone. It must also come from climatology and meteorology since 
a flood is the end-result of climatic, meteorologic and hydrologic processes." 


With more intense use of flood plains and other flood-prone 
areas, we must develop a better understanding of flood causes for 
better sanalysis.., lt. is, therefore, imperative, that, flood. planners 
take a broader, more comprehensive approach to flood management. 
Use of other supplementary tools such as a flood causal classification 
would help us to use flood frequency analysis. The planner would 


have a better basis for flood forecasting and decision making. 
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CHAPTER FOUR: A CLASSIFICATION OF CAUSES OF FLOODING 


4.1 Introduction: 

In earlier chapters it has been clearly stated that the purpose 
of this research is to develop a classification of a wide range 
Of “Ehe® fPactorsyewhich ean “eatise and/or conrributesstoeet tooding fin 
Western Canada. An information base of this type would supplement 
existing flood forecasting methods and contribute to a better under- 
standing of the various flood causal factors, thereby providing 
a solid foundation for planning and decision making. In this chapter, 
a classification of many of the potential flood causal factors found 
in Western Canada is presented. A more detailed description of each 
of* the’ major flood’*catisal “factors follows’ “the Felassification ‘wrth 
reference to potential distribution patterns and management alter- 


Natelvess 


4.2 The Classification: 

Piper “and Ward §*C1929% = p27 9)"@ define Classi fication= as; =’ any 
orderly grouping of objects which exhibits their mutual relationships. 
It is usually concerned with likeness and differences, and the proper 
subordination of classes."" There are two main types of classification; 
weneral "or napural "ec Lacsscuercaurons, and specirae= s0r= = artrerciar 
classifications. Piper and Ward (1929, p.280) suggest that an artificial 
classification is based on some superficial or accidental characteristic 
wieci* is@arbitrarily chosen or! assigned toa class of “obyécts. *For 
examples” the “classification *or™ the -Tetterss in’ the*’?’Roman'y alphabet 
according fo their®’'shape.9 Ae “natural classification, * however? "is 
aerscientific. approaches = based *on # ‘the "order ing“ or sorting “ol* ob jects 
according \ “to™tsome* essential’ "property.> Harvey’ (1973, 'p-832) claims 
that. a’ * natural®*classification “shouldbe pbaséd* on resemblance; that 
is, the objects must show certain affinities. 

One of the objectives of this research is to order the causes 
Of tloodine “and tne factors that contribute to variations in Flood 
intensity for better use and understanding by water planners. It 


was determined; therefore, “that this “ordering” ‘should be based 
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entetheY distinct! relationships Sofeythe flood! *eausaltivatiabléstiaAs 
defined above, this ordering, or classification, would be "natural" 
béecauseg the’) flood causal” factors’ can’ be’. sub-divided into "specific 
categories and classes. 

Chow (1964, p.14-4) suggests that from a hydrologic point 
of view, the runoff regime patterns from a drainage basin may be 
considered, in part, as a product of the physiographic factors present. 
In addition to those physiographic elements discussed in Chapter 
II, these factors would include the characteristics of the drainage 
basin such as the size, shape and slope of the drainage area, the 
permeability and capacity of the ground water formation, and the 
presence of lakes and swamps. While in agreement with Chow, it is 
this author's contention that most of these physiographic factors 
are tvery Silow*®) in’ *changing* Therefore,’ the’ classification Sof the 
causes of flooding will be based on the factors which can occur 
despite the "fixed'' physiographic factors. Many of the physiographic 
factors suggested by Chow are important in causing variations from 
basin to basin and reference will be made to them where it is considered 
necessary. 

Many of the flood causal factors (herein referred to as causal 
factors) are not independent events and often interact with other 
Causaitetactors Clim eithestclassification.! For ‘examplefetdam tfatlures 
CGausale factors Vil.c.2)@are Ofteniscauseduby désign@errors, Sbutecould 
also occur from excessive runoff resulting from an intense rainstorm 
Ceatsal Mractormi il h.a) Tioinilarly .(theeice Ojanisival, Fore’ MeMurray wean 
beticaused? by a variety of efactors, including Searly "break-up Sim’ the 
headwaters “of ‘the WAthabasea River’ \(cauisal®’ factorti.a.19§ grounded 
slab ice GcausalLPREactors Liav2); “fiver «enadlentl changes at’ @Fort 
McMurray ““Celausal@ factor BASaie)s. tor’ alecombination® ofe i hese’eractors: 
Potential interaction between the flood causal factors had to be 
_considered while designing the classification. It was, therefore, 
not possible to simply divide the causal factors into natural and 
man-influenced categories. 

Initially a list of twenty-seven flood causal factors present 


in Western Canada was compiled. This was done through an intensive 
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literature review, and personal communication with government officials 
and university professors, especially Dr. A.H. Laycock of the Department 
of Geography at the University of Alberta. This compendium of causal 
factors was then divided into nine major categories based on common 
characteristics. lAtter further research, the author) found “that ‘many 
of the causal factors in the nine categories had more than one origin. 
Therefore, the causal factors were again divided into subcategories 
based on innate differences between them. Table 4.1, which has been 
included for easier reference, illustrates the hierarchy of the 
classification. For example, Natural Channel Blockage (the first 
magor category) ais subdivided into six Ssubcategories; a) Ice Jams, 
byw Glaciem TActivites, cc) Landsiides, d)Vegetation) Constviction | of 
the River Channel, e) Sediment Deposition, and f) Debris Jams. Each 
of these subcategories have common grounds adn that «all ssix Jean 
contribute to flooding by blocking a river channel. There are, however, 
differences within each of these subcategories. Ice Jams, for example, 
can be further divided into six other sections, and Sediment Deposition 
Into —threes sections. The classification’ of the catises of gflooding 
in Western Canada is presented in Table 4.2. 

While direct reference to the categories of "natural'' and 
"man's influence'' have been omitted, it is possible to unofficially 
separate the classification into sections for general reference 
purposes. Sections I to VI inclusive could be considered as natural 
fleod causal factors, and sections VIP to 1X last ‘causal factors. asso— 
Clated With man’s @activities. It .would ‘be wrong,) however, sto make 
such clear distinctions “because in. many cases! man's factivities often 
cause ‘andfor jinfluence the natural causal | factors’ For <example, 
sediment deposition in rivers (causal factor I.e.1) can occur naturally, 
but. the origin of *the sediment may be related to man's activities: 
This is the case in the Swan River basin in Alberta where oil explora- 
tion and development activities have caused extensive soil erosion. 
Much of the eroded material has been deposited at the mouth of the 
Swan River and along the river channel, and has been the main cause 
of flooding in recent years (further discussion of this) sutuation 
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where man has engineered a flood protection obstacle, he has often 
created or added to the potential for flooding elsewhere (causal 
Eactors Viloeb&c)< 

It is important to understand and appreciate that the following 
Classification of the causes of flooding is an,’ imitial attempt ‘to 
identify those factors which cause and contribute to flooding in 
Western Canada. It is not expected to be the final word on the subject, 
but is primarily designed to provide a basis and stimulus for further 


research and analyses. 
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TABLE 4.2: CLASSIFICATION OF THE CAUSES OF FLOODING IN WESTERN CANADA 


I. Channel Blockage (Natural): 


a) Ice Jams: 


1. Upstream ice break-up: 


Occurs when warm temperatures in _ the 


portion of a river basin cause the river ice 


southern 


to break-— 


up; --ilow “norenwards" anG@ae jam fagainsr “the “erill = "soird 


rivers ice" ‘in the ®cotder™ northern “regions “of 


the basin. 


Occurs also where tributary ice breaks-up before the 


main river or lake ice, and jams form at the confluence 


of the two rivers or at the river mouth. Examples: Dawson 


(Wl.  Whitecourm | CAlta.)<* Fort “Simpson: and 
Gf Hay River"(N. Welles (reper to section 4s3.lsioe~ 


2. Grounded river slab ice: 


the Town 


Occurs when masses of slab ice ground on the river 


ped." Examples:**Hay River =(N.W.T..); Fort McMurray (Alta); 


at various points along the Mackenzie River 


Section 473-1921); 


3. Natural channel constrictions: 


The ‘most ‘common Sites for ‘this’”’type 


where’ “*yiver” channels” are’ "narrow “and/or “bend 


(refer: to 


jam are 


sharply. 


Can also be caused by periodic freezing along the river 


bank aswas *ehe™ case in? ‘Calgary -pricristo the 


Bearspaw 


Dams */Examples=*" Dawson ‘CY.1.)%3 ‘“Thelon’* and** Kazan “River 


basins; and the Ramparts on the Mackenzie River (refer 


GO. -Seetronedes ol wine 


* Reference following each flood causal factor indicates where further 
detail and comments can be located in Section 4.3 of this chapter. 
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4. River gradient changes: 
Can occur where the gradient of a river decreases 
substantially (water velocity decreases). Example: Fort 


McMurray (Alta.). 


5. Lake overflow into a frozen channel: 

Can occur where the head in a still ice free lake 
is surficient.to discharge, into -a frozenj river , channel , 
break the ice, and form an ice jam against the more 
solid downstream ice. Example: Baker Creek (near Yellow- 


knife, NaWel.), (reter tos Section 4.3.1.1). 


6. Winter press-—out from a lake: 

Occurs when snow falls on an ice covered _ lake 
and near freezing water is squeezed out and down the 
already frozen discharge stream. Water freezes in the 
stream channel and out over the river banks (not a "true! 
ice jam). Examples: Baker Creek basin (near Yellowknife, 
NoWels) i pCopperes River and many other sareas .in the N.W.T. 


(eotercto Sect LOmiaewel 4): 
b) Glacier Activities: 


1. Glacier dammed lakes and outburst floods: 

Can occur where a glacier surge dams a river channel 
or blocks an ice free valley. A lake can also form when 
two glaciers converge. Severe flooding often occurs 
when these lakes are released. Examples: Summit Lake 
(BiG. Jcwululscedqdana Lake. (B.C. )s. Tweedsmuix §Glacier “C(Alsek 
Rivemanby Gon steele lake, CY...) reter to section. 4s lt2)< 


c) Landslides: 


1. River blockage: 


When 34. slide, blocks: a. river “channel, water backs 
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up and lecatited flooding can occur. Would occur most 
frequently in the steep walled valleys of the Cordillera. 
Examples: Frank Slide (near Frank, Alta.); Snoqualmie 
Pass (Washington: potato.) Uso.Ay), Jancmecoeetooe | (refer 


to Section 4°53 1.9)! 


d) Vegetation Constriction of River Channel: 

Where vegetation is in the river channel and/or along 
side the channel it can cause a discharge lag and back-up 
which welten=’resuits int f£loeding*» and diverting sof “flow onto 
the flood plain. Examples: Sturgeon-Weir River (Sask.); Muskeg 


areas an Northern Canada’ “reter foe*Section 4:3.1.4). 
e) Sediment Deposition: 


1. River bed deposits: 

When large volumes of sediment are deposited in 
a river channel the capactiy of that channel is reduced. 
During high yield the channel cannot hold the same volume 
of water and flooding can result. Examples: Bow, Swan, 
Elbow; “Oldman; and Paddle Rivers (Alta.); Lower Fraser 


River (B.C. (Greter to Section 4.3155). 


2. Deposition at river—lake junctions: 

When sediment is deposited at the mouth of a river 
(where it’ enters “a’ lake)”’°a “sediment” build—up “can cause 
the river to flood during high discharge periods. Example: 
The mouth of the Swan River at Lesser Slave Lake (refer 


to Section 4i5.1. 5) = 


3. Alluvial fan deposits: 

Severe flooding can occur on alluvial fans during 
Snowmelt)*and intense’ rain ~storms.*” This “can**be’ "a’’ma‘jor 
problem if urban developments are located on the fan. 
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Sectione4sa 91.5) 
f) Debris Jams: 


1. Logging and other vegetation debris: 

When debris jams and blocks a river channel, water 
can back-up behind the "dam'' causing flooding both upstream 
and downstream (in the event of a sudden release). Examples: 
Coquihalla River, southwest British Columbia, Dec. 27- 


SU L9SOssoaint: Jonnekiver (N. Be)’. 


2. Wildlife related debris jams: 

Flooding can occur when wildlife (beavers) construct 
dams on small creeks and streams. The water back-up 
can impede flow or a sudden release can occur during 
intense b*rainvtalhewand/or® runoff sconditions. Examples: 
Drainage waterways in the Leduc region (Alta.), April 
1981; Other regions in Western Canada which beavers 


inhabit close to man's developments. 


II. Meteorological Factors: 


a) Precipitation®= Aix Masses and Uplift Processes: 

Although a number of air masses influence the meteorological 
condi miornsenain. (\WWestermeiCanaday # the: )*mariitime polar’ (mP) Mand 
maritime tropical (mT) air masses provide most of the moisture 
for precipitation, “Fhe mP’ aix “mass opiginateswover “the North 
Paciive Ocean Sandetcan drop’ large “amounts *® of winter?” Lain on 
the coast’ ofrs.C. fand@snow onthe ‘Cordillera. ihe’ mP@arr masses 
tend to dominate in Western Canada. The mT air masses are 
warm, moist air masses which originate over the Gulf of Mexico 
and Atlantic Ocean. These air’ masses (mT) can provide large 
amounts of spring and summer precipitation on the southern 
prairies and, on occasion, in the north-central areas of Western 


Canada. The following uplifting processes and meteorological 
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factors can combine in various ways (refer ut Omee Cit Ong Ah aico tle) 


1. Cold fronts: 

Cold.» fronts <act, like.,a ,wedge,,. forcing» warm.,air 
upwards. They can cause heavy precipitation on the leading 
edge depending on the characteristics of the warm air. 
Examples: June 1964 flood-in.Montana and S.W. Alberta; 
June 1972) (Smoky River “basin flood (refer ‘to. Section 
Oe 3 Wdre li ine 


2. Warm front: 

OCGiGS) When medeeeWarth 2.01) eeJNaSS tf eOLlene .associatod 
With ye Reaciiiceseyclonice.t ront,..mides pmoverslcoldgicurface 
aie heres,ist usually sa, gentle. slope onthe front. nice. 
The warm air overrides the cold air and the precipitation 
amount is dependent upon the characterisitics of the 
warm air, but it is usually not as intense as precipitation 
From “ar,gcolds, frontvagtxamples: JOS). sandeseloS 2a coubhern 
B.C. winter floods; onset of storm sequences involving 


hin adr masses imsthe yPrairiesss( reter go. Sectuonth.3<2 -aly)- 


3. Orographic precipitation: 

Occurs when an upland formation obstructs and 
forces a moist air mass upward and causes cooling and 
condensation. Heavy rainfall is often caused by this 
uplift mechanism. Orography may be the sole cause of 
uplbitte.orc iteinay adds to iother uplift (eve .scold sfronto 
and the combined effect may result in very intense pre- 
cipitation. Examples: June 1964 Milk River basin; 1980 
ands £931. December rain f loods.siomsathesucoast of British 


Goluimbia:sColorado, Junes.1965.. .(refermtos Sectiony4.3 2.1). 


4 Convectional precipitation: 
Occurswcwith amwertical. risessol swarms moist. 417. 


Much sofi..the, Plains summery raintaliy isy frome this jptype 
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of uplift. Other uplift mechanisms often work in combination 
with ‘convectional “uplift. For example, convectional 
uplift’ can result from convergence or from unstable 
air masses in a warm sector and also from the heat of 
condensation additions with precipitation on cold fronts. 
Examples: Regina, June’ 26, 1975; Winnipeg, May 20, 1974; 


Smoky River Basin, June’1972. (refer to Section 4.3.2.1) 


5. Convergent air masses: 

When two air masses with different physical charac- 
teristics meet, extensive atmospheric disturbances’ can 
result when the warmer, less dense air mass rises over 
top’ of the’ colder; denser air mass. Examples: June 1972 
Smoky River basin (Alta.); eastern slopes of the Rocky 


MountainseCAlratyteCeererfroeSection 4.3.2.1) 


6-Cold tai alofte: 

This? factor Wrcontributes *¢to tunstabler@.condirrons: 
It is fairly common in Western Canada if air masses 
moving from Siberia are modified in their lower levels 
By *epassage Sover**ae limited tareattomt ocean: (N.. Pacific, 
Berine Sea, etc.), tand arrive still cold at higher levels. 
The Gsurface “warmities) of ‘the’ lower moist’ air results in 
accentuated amounts of convectional uplift because of 
thet cold Wir alofres ‘There tistalsomantincreasée?in precipita= 


tion Creféreton sections 2.4): 
III. Snowmelt: 


a) Normal Snowmelt By Stages — A Contributing Factor: 

The gradual rise of the freezing level generally results 
in a moderately slow runoff. While this factor does not usually 
cause flooding it can contribute if in combination with another 
factor suchvas rainfall. This factor; can provide high discharges. 


Examples?) (Colorado, “965; British Columbia, most! years; South 
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Plates “River, e'Colorado.* 1965 (refer © to @Secttion™ 4.3.3 for 


details). 


b) Rapid Snowmelt - Spring and Winter: 

Can occur when a very warm period suddenly occurs after 
a cold spell. In the Cordillera, a sudden rising of the freezing 
level will cause rapid snowmelt. Examples: Fraser River basin, 
Spring, 1948; Southwestern B.C., December 1979 and 1980. Will 
also occur when late heavy snowfall is followed by warm tempera- 
tures. Examples: Southern Saskatchewan and Manitoba, April 


iJ iOreeCyOress Hull use (AlGage a doo2, (refer: to) Section 22323. 2)s 


IV. Prior Ground Moisture Conditions: 


a) Antecedent Soil Moisture Storage: 

Where there are saturated soil conditions from snowmelt 
and/or long-term rainfall, rapid, unhindered runoff can result 
because the ground is unable to absorb the waters. Examples: 
Carrot eRrivermsGSask. 5 st957:; Oldman ‘and Mulk Rivermbasanse(A lralan 
1964; ouch PeArkansas,” May Wl968;7 SEast=CentralerAleska, Galoov; 
CypEesseiiuweniGAltasy),, 1952. (refer to Section’ 4.3.4.1). 


b) Impervious Soil and Rock: 

Where the ground surface is impervious, such as_ rock, 
precipitation™ runotf occurs “rapidly because) there? is wadcrobe 
absorption @by thel@erocund  surtace. “in “areas suchieas ‘thes Shield 
and CordiBlera,s there Is little »lagh#timet following gartmajor 
rain Storm #ande nunoff. can = rapidly wcontribute togrpeakmimliows. 
Impervious WSorl?) “conditions “cam also “bemicreated (when tant ice 
cover Horms: sovers the Seround strface worm when “concrete igtice 
forms, “itersonis fas’ a. mesult (of «rains/ieand* saturation: before 
fall sireezing.§ Gxrample:. ‘Cypress Hills *@Alta.) 41952 Can) also 
inc Widcassbowmmintiltration capacity clays when- precipitation 
intensity exceeds the infiltration capacity. Example: Swan 


Hillis: (Alta. “wreh exposure of »these soils sin» drilling areas’, 
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Bpoadswertccwe(refersttonSectione4.3: 4.1) 


c) Rain On Snow: 

When rain falls on snow a very rapid runoff can occur 
which” canr@isignificantly "icentribute to flooding: This occurs 
frequently during the winter along the southern coast of British 
Columbiae® Therevaisr am potenttal for this causalé\factor Sin? most 
other areas of Western Canada in spring. Examples: December 
POSE CI980 SFandwmelosiy™ southwest British “—Columbia:= Winnipeg 
Qian i et950 PiGrefer ito Section 493153". 2.) 


V. Oceanic and Coastal Factors: 


a) Tsunamis: 


1. Coastal inundation: 

Tsunamis associated with earthquakes can cause 
localized flooding along low coastal areas of British 
Columbia. Example: Port Alberni on Vancouver’ Island 
following the 1964 Alaska Earthquake (refer to Section 
Le eo?. 10) 


2. River back-up: 

tf Sagetsunami “surged “up (a river channel ie “could 
potentially cause the river to back-up, flooding portions 
of the flood plain. If the tsunami waves were large 
enought Gandwithiiaw tniveriat ia. high ‘stage; the potential 
for “heodingwmcouldwibe! increased itis weould occur acon 
any number of rivers along the coast of British Columbia, 
ticiig« SomassmiRivenwrat “Port. Alberna (refer to Section 


Let Se 0S) 


b) High Tides: 
At certain cCoastial locations in Western Canada high 


tides 9 an Pcombination withis wave. Gactioneind® windiccam. result 
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in localized flooding. Examples: Tuktoyuktuk, N.W.T.; Denmark 
and West Germany, Nov. 1981; Portions of the North American 


coastline opposite the Beaufort Sea (refer togSection Gea). 572). 


c) Wave Surges From Slide Activity: 

Where an ice mass~-or landslide drops into the water 
and causes a displacement wave. The effect is usually increased 
intea fierd which funnels, the water |isurge. -There. is) ascvery 
low return frequency for any single location. Example: Lituya 


BayerAlaskay''PansHandle' mit95Sin(cefer toaSection 4:53.5.3)). 


d) Storm Surge Waves: 

Where the major storms cause wind-pushed wave surges 
in Beombination with other factors, flooding can result in 
low coastal areas. Example: Coastline in Yukon and Northwest 
Perritorvies@ on the Beaufort Sea in 1970 (refer to Section 


ANS foe Di 


VI. Lake Flooding: 


a) Landslide Induced Wave Surges: 
Seceut loodeecausal Betactorss,. WicTyand Vilvec.5 (refor flo 


Section: s.4<.60.).. 
b) Lake Level Fluctuations: 


1. From precipitation runoff: 

Where heavy runoff from snowmelt and/or rainfall 
increases theielevel of a lakej, shore ‘Dine flooding can 
result. Examples: Lake Winnipeg, Lake Manitoba (Man.); 
Waterton miakesi? lessen Shaver Lakeuewbtan)h. FiGvefer to 


Sectiony4.o.0.). 


c) Winter Press—Out From Lakes: 


Seamfilood! causal factor olsas6. W(réefer ‘tomSection 4e3alah), 
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d) Post Glacial Flooding: 

Where al iriver) silowsis outst of *an upland, areateand ontora 
Lacustrine) plaineratefdwetorms. *The) iriver forms “its own flood 
plain on the flat post-glacial lake bed. The streams are not 
capable of carrying a heavy sediment load on the flat lacustrine 
plain and deposition occurs and a flood plain forms (early 
Stages .of Formation). .During high flow periods the channel 
often cannot contain the runoff and flooding results. Examples: 
PaddlewtRiver (Alteain);: med River (Mans); *Carroti sand “Assiniboine 


Riversr(Sask.¢ andsMan.)) Dauphin River? (Mans )e 


VII. Engineered River Channel Obstructions: 


a) Bridges: 


1. Ice jam formation: 

Where bridge piers are located in the river channel 
and obstruct river ice flows. Ice jams up against the 
piers and dams the channel, causing local flooding. 
Examples: MacEwan Bridge, Ft. McMurray; McQueston Bridge, 
Dawson’ (Y.T.)3> Langevin “and CentereSt: Bridges, Calgary 
(Alitas)! uGrefer tor Sectionea. 3ai1 1) 


2. Debris jams: 

Whered bridge. piersieare’ «constructed invythe river 
channel and the bridge is built low to the river. During 
high stage periods debris is jammed against the bridge 
andWiwater® Can pool,peoftens flowing: ever; the river’ bank. 
Examples: Bailey Bridge, Fr. Nelson, 1971 flood (B.C.); 
Hillhurst “and “Genter “St. Bridges» in’ Calgary, “during 


the: 1902 and 1932 floods (refer to Section 4.3.7.1). 


3. Diversion of water at peak flow: 
Where Siow hibridges fare tconstructed *over Mthel sriver 


Ghannelas floodings can’coccur Odusangethigh xniver® stages: 
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The * bridge ‘could obstruct: flow -and “divert +4 onto®* the 
flood plain” "Example: ="Hillhirst”’Bridge,?¥ Calgary P*(1902;, 
£932)-) Crefervto Section 4 3377. f): 


b) Landfill and Dykes: 


1. Landfill -— reduced channel capacity: 

See’ ‘Causal factor 1.6.1. \'Man*reduces'¥ the * capacity 
of the channel and often during high yield periods the 
river cannot accommodate the discharge levels it could 
prior fro sithe®elandi bt!) etand “flooding results. YExamples: 
Bow River, Calgary; Red Deer River at Drumheller (refer 


EOUSeCCEMOM 4555/0205 


2. Landfill - channel constriction; ice jam formation: 

pee Seausa lee actor 1vac3. “Example:* MOCleMEGcorges 
Usland, Bow’ River,’ Calgary, 1975 (refer™™to® Section 
LOSS SPL 


3. Dyke constriction of flow: 

Where dykes constrict flow on a river there is 
reduced channel storage and as the high stage flow leaves 
the  -confines “of “the dykes. it can spill-—out over the 
Pimodp lain. ATR this point. the river channel ‘capacity 
is exceeded, that is, downstream from the dykes there 
is less channel capacity than in the dyked section of 
the river. Examples: Mississippi River; The Red River 


in Winnipeg (Man.). (refer to Section 4.3.7.2). 


c) Dams: 


1. Winter release; ice jam floods: 
During ‘the’ winter, “releases ' from dams for ‘power 
generation can break-up the ice cover downstream causing 


ice’«jJams- to form where the broken ice is forced against 
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solidmice (thes sameweet fect. asi flood causal factor T.a.1). 
Channel constriction from ice during low flow periods, 
especially where there is peak power fluctuations. Examples: 
Mayo River Dam  (Y:7.); The Town of Peace River, Alberta 


GBéenaer- Dan, B.C.) eCreferl to Section 4,301.1). 


2. Dam failure: 

Severe flooding can result when a dam fails from; 
spring runoff flowing over the top of a dam; earthquake 
initiated collapse; and dam undermining. Examples: Duncairn 
Dam, #19523. Vale Mamie 2 Dams 11952; Fourth Lake Dam, 1961: 
scott Falls, Dam,.~1923 2 Grefter to Section,4.3< 7.3), 


3. Dam over-topping: 

Where the design flood is exceeded or where landslide 
produced wave surge over-tops a dam, flooding could 
resulti.enManye, ofsecthe, damspy in,, British Columbia have ~a 
potential #@for sthisytype of. flooding. Examples. Maiont 
Danewe italy. 908. | Mica “Dam - (B.C: (poetential) (refer 


tor Section. 4.5.0780)% 


VIII. Land Use Changes in the Watershed: 


a) Forest and Wild Fires: 


1. Increased runoff: 

When a fire removes the vegetative cover from 
a portion of the watershed, precipitation runoff can 
increase _cdsionificantly,.. .aSw. there... ise .neduced, moistune 
detention and interception and infiltration capacities 
may be reduced. Snowmelt can occur more quickly because 
there (is “no shade cover. Various studies “in | British 
Columbia and elsewhere have shown that this early, increased 
runoff can contribute to peak flows (refer to Section 
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2. Erosion and sediment deposition: 
Refer Sto. Blood) “causal factorsyeiee-d5 and, J-e.2: 


(refer “tomSectiony4e3eie 5): 


b) Logging: 


1. Increased runoff: 
Reterh*toe Piood@ causal’ factor “Vila. (refer to 


Section 4s oe). 


2. Erosion and sediment deposition: 
Refer? to Siloods causal’ “factors. “lvewi Gand * iver2 


(refertto Sectione47o01-)). 


c) Road Construction: 


1. Changes in natural runoff patterns: 
R@ter™ “tom if iood = "causaly factor SViita Crefer " tto 


SeGtiion=4. geil). 


2. Erosion and sediment deposition: 
Rete to. sistood Scausal “Lactors#M@ive.t) "and “llerZ 


(refeTrero Section 4.3.125), 


d) Land Drainage: 

Removal of surface water detention adds increased 
runoff to the channel, increases the peak flows during high 
yield periods, and is especially apparent during low to mid- 
range flood events. Examples: Moose Jaw (Sask.); Carrot River 
basin (Sask.); Red River above Winnipeg (Man.) (refer to 


Sactionn4tsee~3). 
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e) Contributions To Flooding By Urban Development: 


1. Impervious surfaces and storm sewers: 

When impervious surfaces such as_ roads, roofs, 
industrial and commercial areas, parking lots, airports 
and storm sewer systems conduct precipitation rapidly 
into the mainstream, total and peak flows are both in-—- 


ereascedts (re fermitotSection 403.844)! 


2. Urban encroachment onto the flood plain: 

When urban structures impede and deflect the flow 
of flood waters further away from the river, the flood 
period eicans wbet -prolongedsm flooding ' teaniefoccur? in Saréas 
which would not normally flood under similar circumstances, 
and the flood damage can be increased. Example: Calgary, 
Alberta -- Bow and Elbow Rivers; Many other urban centers 
locatedavion }thes £floodt plains sucht easteWinnipes te(Man)y 
Lower Mainland near Vancouver (B.C.), and others Gre ferrite 


Sectdone4, 3.18.4). 
IX. Interbasin Transfers: 


a) Water Diversion: 

Where a water diversion adds more water to a river channel 
than that channel (or a receiving area downstream) is capable 
Orlacarrying., thocaldizedmer brooding: “can, cccun®” Examptées<® Portage 
Diversion; St. Mary's River to Milk River Diversion; Mud Lake 
towaiSmuts CreekepDiversion.) \Alsov common’ tunplryrigat ion “areas 
wheresh "xerurnteflowid greatliynsexceedsi i thestcapacity 6f Velocal 
stream channels, for@i~xample, Wivariious tcoulées Hint*® hastern 
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4.3 Discussion — The Flood Causal Factors: 

To better understand the flood causal factors and the factors 
whichyacontribute)!) to evariations tn [ flood! intensity iipresented) yin 
Table 4.2), further clarification, delineation and discussion are 
necessary. In the following section, case studies have been used 
to indicate the nature and extent of most of the current flood causal 
factors in Western Canada. Many of the flood causal factors, however, 
have been inadequately documented in the study area, and world and/or 
hypothetical examples have often been included. 

The recurrence frequencies of many of the flood causal factors 
in the classification vary considerably. For many causal factors, 
the recurrence frequencies have not been calculated due to the rare 
nature of the flood event. For example, the frequency of a severe 
flood from a  landslide-created wave surge (causal factor V_ and 
Midt@rc. 263) e« ati ragespecifichdocationieis veny: difficult: ito fdetermines 
An event of this type may not have occurred during the period of 
record, and therefore, it is almost impossible to accurately determine 
AG ceburn BWreqiencyco(lLaycock,?epersonales communicationseuNov.y 1980)4 
An attempt, however, has been made in the following discussion to 
estimate very general recurrence frequencies for several of the 
causal factors in the classification. In most cases an actual frequency 
value has not been provided, only an indication of whether the frequency 
ise highs mediums.onmlow. tin cértainficaseugstudiesserpartacubar lyrfor 
river flooding, frequency figures will be included where relevant. 

The patterns of occurrence, which have been mapped for the 
major flood causal factors, were difficult, and in many cases, impos- 
sible to determine accurately. Government flood reports, personal 
communications, newspaper and published research projects were used 
to establishespeciine flood: locationsy” buteinemoss cases \themresults 
were generalized. This indicates that only limited research has 
beens conducted ~ons manyesof othe» causal) factors. in»sWestern Canada; 
and that possibly many flood management decisions are based on limited 
information. The shortage of data on flood causal factors has reduced 
both the accuracy and usefulness of the maps. The maps (Figures 


4.1 to 4.5), however, do provide a general indication of the potential 
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extent of the flood hazard in Western Canada. 

An attempt has been made to link several of the major causal 
factors to possible applications in flood loss reduction management. 
A range of the potential adjustments are presented in Table 4.3 
which has been taken from research conducted by Staite (1979). Descrip-— 
tion and analyses of the various components presented in Table 4.3 
have been reviewed by numerous researchers (e.g. Burton et al., 1968; 
Metenellofet alt, 1978; Saarinen. #974; Staite, 1979)) and. therefore 


will not be re-examined here. 


4.3.1 Natural Channel Blockage (I): 


4.3.1.1 Ice Jams (I.a): 

In many regions of Western Canada, ice jam formation and flooding 
occur quite frequently. Natural conditions and man's interaction 
with “the. environment can both result in ice jam formation. These 
two factors are not necessarily mutually exclusive and can combine 
to create suitable conditions for ice jam formation. Naturally formed 
ice jams can be subdivided into those resulting from; 1) upstream 
ice, break-up, 2) massive ice slabs grounding Gon sthe river bed,«3) 
the constriction of the river channel, 4) river gradient changes, 
SJealake outtlow inte a frozen@river channel,Pand? 6). winter press— 
out fromp a lake. While: the’ ftrst@ four usually Yoccum satter spring 
break-up has progressed to varying stages, the last two usually 
occurnwauming the winter. “Ihe Locations, of many of the ice jams{ which 
have been documented in Western Canada are presented in Figure 4.1 
(n.b., in most locations the name of the townsite has been used 
for reference purposes). 

Tee jams iwhich result from man’s activities “can. be initiated 
both naturally and unnaturally. River ice which breaks up by natural 
means can jam when it encounters bridges, roads, landfill and other 
man-made obstructions in the river channel. Unnatural break-up and 
jamming often occurs when water is released from a dam during the 
winter. This latter@form of} ice 4jam%can interact with man's activities 


and cause substantial flooding. Spring runoff may be earlier and/or 
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rarger “acta =result ‘of man's» activities (e.g. urbanization, “land 
clearing for agriculture, etc.) and this may add to flood damage 
in the still frozen north. The following discussion is an elaboration 


of the various types of ice jams, both natural and man influenced. 


a) Upstream Ice Break-up (I.a.1): 

It was explained in Chapter II that during early April, mild 
maritime polar air masses (mP) often move inland across the Cordillera 
and into the southern prairies. This warm air mass initiates spring 
break-up of the river ice in the southern portions of the northern 
raven basins... but colds polanreaite statl.-dominates —thednorth-and the 
river ice there remains solid. As warm temperatures gradually move 
northward, the river ice continues to break-up and flow northward. 
When the broken ice encounters the still frozen northern river ice, 
however, major ice jams can occur causing severe flooding. Locations 
where this type of flooding could potentially occur are generally 
found on rivers where there are no major lakes to stop ice movement. 
Many northward flowing rivers including the Athabasca, Hay, Yukon, 
Liard and portions of the MacKenzie River are common sites for this 
type of ice jam flooding. For example, ice jams have caused significant 
flooding at Whitecourt, Alberta seven times since 1929. The town 
is situated at the confluence of the McLeod and Athabasca Rivers, 
and in most years the ice on the McLeod breaks up first. The free 
ice jams against the solid ice on the Athabasca River, flooding 
thé = lower) portion. of) Whitecourt ,jewhichy ise pant iladldiy’ ssi twated, «on 
the flood plain. 

This «<types.of ice. ujam flooding, also, occurs at «Dawsons ycYukon 
Territory.» Which 15@elocated seat “the “junction. of the Klondike and 
Yukon Rivers. On the average, the Klondike River breaks up five 
days before the Yukon River (this varied from one to eleven days 
between 1956 and 1973; Fenco, 1974, p.19). This lag time between 
break-ups on the Klondike and Yukon Rivers has caused static ice 
jams to form at the mouth of the Klondike River in 1959, 1963, 1966, 
and 1968. In early »May,,.1979,.an ice jam on the Yukon)River, caused 


severe flooding in Dawson City. Environment Canada (1981, p.vii) 
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report that; 


"Virtually the whole town was flooded when water levels on early May 3rd 
exceeded previously recorded heights. The dyke protecting the town was 
over—topped by as much as one metre." 


Fort Simpson is located just downstream from the confluence 
of the Liard and Mackenzie Rivers. The Mackenzie River, however, 
does not break-up in a simple south to north progression. MacKay 
(1960) and MacKay and MacKay (1973a) state that break-up along the 
Mackenzie is neither continuous nor sequential from south to north 
because of the controlling influence of Great Slave Lake. The first 
major break-up on the Mackenzie River generally occurs at the junction 
of the Mackenzie and Liard Rivers. Henock (1973, p.169) states that 
recorded dates indicate that on the average, break-up occurs. on 
the Liard River (May 18) eight days prior to break-up on the Mackenzie 
River (May 26). During ‘the “break-up “period, the’ “flow” ‘contribution 
of the Liard River to the Mackenzie River is more than half the 
total Mackenzie flow at Fort Simpson (MacKay and MacKay, 1973b. 
p-247). Tremendous pressures are exerted against the river ice along 
this point of the Mackenzie and differential heaving of the ice 
often produces major ice jams. Flooding in Fort Simpson has occurred 
fairly recently in 1963 and 1972. Historical and physical evidence 
indicates that the Fort Simpson town site has been flooded at other 
times in’ the past (MacKay and MacKay, 1973b, “pp.239 and 247)- 

After the initial break-up on the Mackenzie River from Fort 
Simpson. to Fort Good “Hope, the river section from Fort “Providence 
to Fort Simpson usually follows. Break-up on the section downstream 
from Fort Good Hope is often delayed because of its more northerly 
location, ice jams upstream, and the absence of major tributaries 


(Mackay and Mackay, 1/0734, p.226); 


b) Grounded River Slab Ice (l.a.2): 

A second type of ice jam occurs when masses of slab ice ground 
On fiver bars, ~tlood plain “delta® Locations “and/or otter. obstactes,. 
The following description is taken from Walter Henry after he observed 
the break-up on. “the Yukon River “in "1905. Henry (1965, pp.82-33) 


suggests that when the spring thaw arrives, the snow melts from 
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the river banks several days before break-up begins. The ice next 
to the bank then melts and open water flows between the bank and 
the ice pack. The ice in the middle of the Yukon River has not thawed 
yet and may begin to move downstream in sheets which can exceed 
400 metres in length and 60 metres in width. These sheets quickly 
break-down into ice pans approximately 9-12 metres in length and 
about,uls> metres thick. )«Theviice!.panswioften ground on sand bars or 
other river obstacles and fuse together as more ice accumulates. 
Eventually, ice dams the river completely and the water level rises. 
This@torm oficestjaneism@iainiy common! ‘and occurs’ onimany Yeiverns 
in the Northwest Territories, Yukon Territory and in the northern 
portions of Alberta and Saskatchewan (Doyle, 1977; Gerard, 1974; Grey, 
co; aS perm, 193808 * MacKay Stand MacKaynwt973b; SOscbornevet ale, HOTS). 
The Town of Hay River, for example, which is located at the mouth 
of the Hay River where it empties into Great Slave Lake, has experienced 
stem ficant) flooding “fromehisetiorm of ice wsjammings.The ice flows 
which cause the jams originate from the river sections just upstream 
Drommiayee River sOine 196S@'sa mayor tiamt resulted £indtthet tl ooding tof 
mucht,ofenVale plsland, Tiwhere) the? airport andinthe volderapart tof ithe 
powm ane Usituated. min  1974e "another Tmaijorerice, jam? loody occurred 
on the Hay River causing several millions of dollars damage. Jasper 
(personal i ‘communication, (41980) statesetthat the aicerresponsiblesifor 
the ice jam floods in Hay River originate on the lower 18-24 kilometres 
ofd heaslay.. Rivers asiétwo hwatertaiisthoielOeandrihemetrese crusht the 
river ice which flows northward from Alberta. Hay River also experiences 
Hoge jamsie@when tehee riverr ices piles ®iup ibehind i whejestidi frozen fiice 
on Great Slave Lake. Therefore, the fact that Hay River is a northward 
flowing 9%iver, and Weel oom thelisouthern ‘portion ewould:tmelt tirst 
appears not to be responsible for the formation of any ice jams. 
The potential for grounded ice sheets and subsequent ice jam 
_formation and flooding appears to be a major problem along the Mackenzie 
River. MacKay and MacKay (1973b, pp.256-257) determined that of 
the twenty-two potentially hazardous ice jam locations along the 
Mackenzie River, shoals were located at fourteen sites. Two centers, 


Fort Simpson and Fort Norman (located at the confluence of the Great 
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Bear and Mackenzie Rivers), were included in these flood sites. 
Miles (1981) reports that portions of the Murray River, which runs 
through British Columbia's Northeast Coal region, are subject to 
frazil ice generation and the formation of hanging ice dams where 


large ice sheets ground in shallows. 


c) Natural Channel Constrictions (I.a.3 and VII.b.2): 

Ice jams can occur at points along a river channel which are 
narrow and constricted. Fenco (1974, p.20) suggests that sharp narrow 
river bends are the most common location for jams of this type to 
form. For example, downstream from Dawson, Yukon Territory, there 
are two locations where ice jams of this type commonly form. At 
both locations, Cassiar Creek (24 kilometres downstream) and Rotten 
Creek (5 kilometres downstream), sharp bends in the river act as 
ice catchments. While ice jams frequently form at these two locations, 
flood conditions have only occurred a few times at Dawson. 

Channel constrictions also appear to be a problem on the Kazan, 
Thelon and Mackenzie Rivers. When reporting on a proposed pipeline 
route, which passed through the Thelon-Kazan River basin in _ the 
Keewatin District in the Northwest Territories, Bate “Grey” "C1977; 
p.-12) noted that both rivers have extensive sections bounded by 
boulder ridges or ramparts. These locations are apparently favorable 
tomthe formation of »ice “Jams, and “as the. river flow in. the. Thelon 
and Kazan basins is generally from southwest to northeast, the potential 
fOmisthis event) as, high. Greywwulo77, "p.1)” States, that. ''dve to “che 
large size Of these river basins, “andtithe “extstéence’* of large “lake 
sections, break-up is not instantaneous throughout."" River ice break- 
up can occur in the southern portion of the basin more than a month 
before such events occur at the outlet of the Thelon River (Hudson 
Bay). 

As was explained earlier, MacKay and MacKay (1973b) have thor- 
oughly documented the locations of potential and known ice jam forma- 
tions along’ the “Mackenzie: River® from Great” Slave” Lake” north” to the 
Beaufort Sea. Of the ‘twenty-two “potential ice” yam “sites “identafied, 


eleven are recognized as channel constriction locations. MacKay 
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and: MacKay w@t973b #ipw251) tstates 


"One characteristic of the majority of Mackenzie River ice jam locations 
is the constriction of the channel. The mean widths at jams is 1.3 km 
(0.81 miles) as compared to the mean width of the Mackenzie River as measured 
at 16 km (10 mile) intervals of 2.6 km (1.36 miles). In fact, only two 
of twenty-two jam locations exceed the mean width of the river. One of 
these is Berry Island, where a narrow deep-water channel deflects east 
past the face of the island and where the channel to the west is island 
strewn with shoal areas. The other is at the junction of the Great Bear 
with the Mackenzie River, where shoals off the tributary mouth in conjunction 
with Windy Island, Great Bear Rock and the ice cover of both rivers often 
cause ice janming."' 


One potentially hazardous site noted by MacKay and MacKay 
lies below the Ramparts at the old Fort Good Hope settlement located 
on Manitou Island. The Ramparts are a very constricted 11 km long 
section of the Mackenzie which cuts through perpendicular limestone 
Glitte.« Here the river channel narrows from 5 km, wide to .0.4 km 
at the entrance. Ice jams are a regular occurrence here and the 
ice dammed water shows evidence of flooding at 14 metres above datum. 
The old town site was completely destroyed in the spring of 1836 
following the disintegration of an ice jam in the Ramparts. 

In the many sources reviewed by the author there were often 
Oaly Teeneral ‘references (£0. this type, .of ice “jam. Le -is “difficult, 
therefore, to suggest how common this type of ice jam is, and what 


the distribution pattern would be. 


d) River Gradient Changes (1.1.4): 

LGe gjanis, Can Occur “at particular. locations. of a river, where 
the gradient of that river substantially decreases. Rivers in Western 
Canada with potential for this type of ice jam flooding are generally 
located east of the Cordillera with headwaters in the upper regions 
OLe athe» Canadian Shieldw or Rocky Mountains. The Kazan, Hay, Peace, 
Nelson and Athabasca Rivers all have substantial gradient changes 
at various points and ice jam floods have been documented on several 
of these (see below). There is potential for ice jams of this variety 
on many other rivers in Western Canada but further study would be 
required to identify specific locations. The locations of Fort McMurray, 


Alberta... which is. situated at the .confiluence, of the Athabasca 
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and Clearwater Rivers provides an excellent example of this type 
of ice jam flooding. Spring break-up usually occurs upstream of 
Fort McMurray between early April and early May. In many years ice 
jams initially form on the many rapids 10-30 kilometres upstream 
from the town. Eventually, these ice jams fail, sending large amounts 
of ice downstream. Just downstream from Fort McMurray the gradient 
of the Athabasca River becomes markedly flatter and the channel 
becomes wider and shallower. Here the average velocity of the river 
decreases and the channel contains numerous islands (Doyle, 1977b, 
p.-11). The river ice from upstream frequently jams when it reaches 
thiswestretch fof thesitAthabasca {RivermmDoyvle: (1977a; pao) Bxetatesrithat 
becatsemiof the cimaturescofiethestriver ccharinel iat tFortioMcMurray xithe 
proximetyedof thiss stretch ofviriver to the rapids, and the fact that 
the Athabasca River is a northward flowing river (differential ice 
break-up dates), the probability of ice jams occurring during future 
break-up is high. The severity of future jams will depend on many 
factors aisuch (asS--loCation;egmodel ofefaillure of jams upstream? from 
font NeMurray.nesizeyyiwhat actionmisy taken , by cmanse andintheredischarge 
and ice conditions on the Athabasca and Clearwater Rivers at the 
time of break-up. 

The previous discussion is only a description of the process 
bye “which y ice hsjameceoccirg acgworteiMcMurrayreManyetom these lice Gams 
have caused extensive flooding in the townsite. In 1977, for example, 
serious flooding resulted when a large volume of ice, which was 
released by an ice jam upstream of Fort McMurray, grounded in the 
shallows:.ing the vieinityreof the, mouth vof | the, (\ClearwatersiF lownfrom 
the Clearwater River was unable to discharge into the Athabasca 
River, and «ithe, ice jam ‘directed a iportion, ofp the Athabasca's sfdiow 
into hethe. -<Clearwater)(edhis) o:combinedr (with »sthergunusual gnlengthemand 
persistence: of \ the, vice,» jams;mucaused syextensive | fLloodingsstos occur 
in the townsite. Damage from the 1977 flood was approximately $2.6 


mi l Vong (McManns? 19795 hpe 10)6 


e) Lake Over-flow Into A Frozen Channel (I.a.5): 


Ice jams can occur on ice-bound creeks which are located downstream 
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from an unfrozen lake. During the river and lake freeze-up period, 
it is not uncommon for creeks and streams to freeze first. When 
a lake-fed stream is frozen over, it is possible for the lake to 
continue discharging if a sufficient head or lake level is still 
present. If the flow velocity from the lake is large enough, the 
river ice can break-up and jam downstream causing localized flooding. 
Laycock (personal communication, January 1981) suggests that this 
Situation’ voccurs *iny Baker Creek Vbasin’ ‘which “is"focated® just’ north 
of Yellowknife, N.W.T. Baker Creek usually freezes before Baker 
bake -farid “7r" swffLicient head is *stall*’ present an” Bakéer=°Lake,- "it 
is possible for break-up and ice jamming to occur on Baker Creek. 
Leet tjamming of this °type*is* mostly “a problem*in the north but could 


occur, in’some lakes further south. 


f) Winter Press—out From A Lake (I.a.6 and VI.c): 

lev is *posisibles «Lor satMdelayed Tice ’’jan"  to® form” during - the 
Winter on? a2" laké-fed’'streame 4Li- snow * ‘falls ton®*a Vakes**atter the 
lake and drainage system are frozen over, loading can press water 
eue oOfetthe Wake stand Pinto?’ the®**rrozén ‘stream “channel.” As**the™ lake 
water flows down the then ice constricted channel, the extra volume 
spreads out from the channel and freezes up. If sufficient press- 
SUEFeOCCUTS, the water) an run’ over™the “stréam® Danks ‘and flood” onto 
the flood plain (where it freezes). In the spring when break-up 
weclrse, sthis**solid**mass “as “slowshto melt’ “and? jamming» ~can™ resuit. 
Laycock (personal communication, January 1981) suggests that this 
has occurred on Baker Creek north of Yellowknife. Ice and snow on 
the lake squeeze freezing water out of the lake and down Baker Creek. 
Lees accimulation onthe’ flood plain®has”* been ‘up’ to m5 métres’ thick; 
and has caused localized flooding during the press-out and snowmelt 
periods. Laycock (personal communication, March 1981) suggests that 
spring snowmelt waters may also cause flooding before a_ channel 
has been’ re-established a in®'this’ ice. it* fs*®©anticipated that? ite 
jams caused by winter press-out from a lake occur’ predominantly 
in the northern regions of Western Canada. Miles (1981) suggests 


that tthis @can ‘be ®a +serious® problem’ *in’ ‘northern’ British “Columbia. 
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g) Ice Jams Associated With The Activities Of Man (VII.a.1 and VII.c.1): 

Engineered structures along or across a river channel can 
often cause ice jams to form. Winter release of water from power 
dam reservoirs, for example, have caused many serious ice jam floods 
on certain rivers in Western Canada. The Town of Mayo in the Yukon 
Territory” ,haseebeen stsubject bytosticer sjamef looding® idurings -thewwinter 
since a power dam was completed upstream in 1956. Releases from 
the reservoir break-up the solid river ice which then flows downstream 
where it jams at the confluence of the Mayo and Stewart Rivers... 
In 1957 a dyke was constructed in Mayo after ice jams caused a flash 
flood at the townsite. The dyke successfully protected the town 
until 1964 when flood waters caused the dyke to collapse. Fenco 
(1974, Appendix III, pp.7-8) states that ice jam floods have continued 
to occur ani Mayo! sincesthatntine: 

Similarly, many ice jams on the Peace River have been caused 
by winter release from the Bennett Dam reservoir. Since the completion 
of the dam in 1967, power production discharges have increased winter 
flows on the Peace River from approximately 424 es to, 1698 ee 
The drastic fluctuation of discharge levels has been responsible 
horpmrcewajan EloodingiVat) many Communities on the’ Peace River. For 
example, in 1973, the town of Peace River experienced a severe flood 
threat when an ice jam which formed downstream raised the water 
level approximately 7 metres above normal. Dykes which had _ been 
constructed after the 1972 spring rain floods prevented the town 
from being inundated, however. 

Man-made bridges can also result in ice jam flooding (causal 
PActorWilLieta. tl). tMany Nbridgesp: particularlym the-wolder) onespetare 
constructed with one or more bridge supports located in the river 
channel. During break-up these piers can obstruct the flow of river 
ice, and subsequently, jams can form. Furthermore, when the bridge 
psatlow tou thettivivertitevels at écanoassiste@in ‘the fiormatilonnmedeeehe 
jam by actually becoming part of it. The water and ice backs «up 
behind the jam and severe localized flooding can result. Doyle and 
Anderson (1978, p.1i1) state that the MacEwan Bridge at Fort McMurray 
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is very low and the river velocity was not capable of pushing the 
ice under the bridge. Ice piled up against the three bridge piers 
in the center of the channel, and some flooding was experienced 
in the town. Fenco (1974, Appendix VI, p.16) states that the McQuesten 
Bridge, which is located on the Stewart Crossing - Dawson Road in 
tie Yukom,-% was: ‘destroyed by *“an's lee" ram" “fn 196124 Later? that same 
year the McQuesten Bridge was re-built with a 70 metre pier-free 
span in the center. 

Another type of ice jam can occur where man has constricted 
the river channel with landfill and/or dykes (causal factor VII.b). 
The Montreal Engineering Company (1969, p.9) states that the north 
channel of the Bow River beside St. Georges Island in Calgary is 
subject to winter ice jams because of the channel encroachment by 
filling and dyking. Maximum observed stage rises have been 3.6 metres. 
In 1975, an ice jam occurred opposite St. Georges Island and emergency 
measures were required to prevent flooding. Flooding of this type 
occurred frequently in Calgary before Bearspaw Dam was constructed 


due to power demand surges from Ghost Dam. 


h) Management Alternatives: 

In the preceding discussion it is apparent that various types 
of ice jams have caused flooding in many regions of Western Canada. 
There are, however, a wide range of flood reduction management alter- 
natives available which essentially come under the categories of 
"modifying the hazard" and "modifying the loss potential" (Table 
4.3). Initially, basic site evaluation data would be required including 
determination of the time period for ice jam occurrence, potential 
type of ice jam formation, potential elevations of water at various 
discharge rates and ice jam sizes, and upstream and downstream areas 
éxpected © tot fldod + Once *thisiinformation *has!P been |‘ collected the 

planner could then determine a flood damage reduction management 
strategy. This strategy could be based on a combination of engineered 
flood control structures (e.g., dykes, channelization, flow diversion) 
and other measures designed to reduce flood losses (e.g., flood 


forecasting, flood proofing, land use management, permanent evacuation, 
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public education, etc.). Certain management alternatives, however, 
may.,be ,..impractical..or »difficult to implement, + in: some» situations. 
For example, the town of Old Crow, which is located on the Porcupine 
River in Yukon Territory, has experienced severe ice jam flooding 
impel O04. 2196355 19)1 lO] Sipand 1980. (Fenco 1974; Orecklin’ personal 
communication 1980). Fenco (1974, p.80) reports that only emergency 
measures such as sand bagging and evacuation can be taken to protect 
the town because the flat terrain surrounding the town site essentially 
prohibits the construction of any economically feasible flood control 


SELUCEURES. 


AO. Wed, GlaciervActivitiess( Lab): 


a) Glacier—Dammed Lakes and Outburst Floods (1.b.1): 

In Western Canada, glacier-dammed lakes are generally located 
along the Coast Range of British Columbia and in the mountains of 
the southwest corner of the Yukon Territory. The locations of several 
of the better studied glacier-dammed lakes are indicated in Figure 
“ob. sCollins and, Glarke, (1970238 .p.218) suggest sthat there, are,probabiy 
more, than ..200,..ice-dammed. .basins,, in »the, Yukon. portion, of . the. «St; 
Elias Mountain Range alone. In the Coast Range of British Columbia, 
there are also many glacier-dammed lakes, but the density per unit 
area is much lower than in the Yukon. Stone (1963b, p.333) has identi- 
fied the locations of numerous ice-dammed lakes in Alaska and several 
of these have been included in Figure 4.1. 

Ice-dammed lakes can be formed in a number of ways. The most 
common type occurs where a lake is impounded in an ice-free tributary 
valleys atu; the .side. of a major valley glhacier. The. lakes can vary 
in size, but are usually small and are located adjacent to the lower 
reaches of the glacier. Two examples of this type of lake are Summit 
Leke..and «Tulsequahgehake,.Abothy.in. British sColumbiay <Piguret:.441). 
Marcus (1960) has observed and documented the release of Tulsequah 
Lake, and his work is substantiated by Stone (1963b). 

Occasionally, lakes are formed when an ice free valley is 
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this situation very large lakes can form. For example, in the Yukon 
a lake was formed about 200 years ago when the Alsek River was dammed 
by the advancing Lowell Glacier which has since retreated. The Alsek 
River is once again being threatened by the Tweedsmuir Glacier in 
northwest British Columbia. (Figure 4.1). 

Ice-dammed lakes can occur where two glaciers converge or 
when a surface area of a glacier collapses, forming a sink hole. 
Young (1977, pp.3-4) provides examples of these types of ice-—dammed 
lakes in Iceland and on Axel Heiberg Island in the N.W.T. Maag (1969) 
has also conducted extensive research on the various types of ice- 
dammed lakes on Axel Heiburg Island. 

The hazardous element of an ice-dammed lake is the catastrophic 
flooding which can occur when it releases. The lakes can empty and 
refill many times during the period they exist. Usually the lakes 
drain through, underneath, or over the ice. Unfortunately, there 
is presently no predictive method available to determine when the 
lakes will release, and draining can occur any time of the year. 

Water released from the ice-dammed lake can cause significant 
and damaging floods. Wood (1972, p.5) states that Steele Creek basin 
in the Yukon Territories has for many years been considered a forbidden 
valley by local Indians who feared "annihilation from flood water 
and crashing ice'' when the dammed lake suddenly released. 

mr" October 19585 October F960} October 4U961, and? Auguses 1962, 
Strohn’*Lake” in "northwest British) Columbia’ (Figure 94e1) “released 
suddenly and caused considerable damage to the highway between Stewart 
and Bear River Pass. Despite controlled lake drainage attempts by 
the British Columbia Department of Highways, Strohn Lake continues 
to fill and release. 

Summit Lake which is dammed by Salmon Glacier just north of 
Stewart, B.C., flooded and refilled six times between 1957 and 1970 
(Figure 4.1). The 1957 flood caused extensive damage to roads, bridges 
and mining communities in the Salmon River basin and Matthews (1965, 
p.-50) estimates that the damages exceeded $200,000 (1957 dollars). 

Approximately 200 years ago Lowell Glacier impounded a _ lake 


84 kilometres long when it surged across the Alsek River in the 
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Yukon. In the Alsek River Valley, evidence has been located which 
indicates the scale of the floods which occurred when these massive 
ice-dammed lakes on the Alsek River released. Environment Canada 
(19755 D.J2))yzeports that, s"scoured walley, walls, slant ripple,.marks 
on outwash deposits, and sparse, youthful vegetation in the lowland 
areas provides spectacular evidence of the passage of gigantic floods 
down the Alsek valley to the sea." 

Floods from ice-dammed lakes can be severe and catastrophic 
as an individual event, but if the release coincides with another 
flood event or conditions in the watershed are already conducive 
to flooding, the flood hazard can be drastically increased. Because 
the lake release can occur at any time of year, the possibility 
exists, that the release could coincide with the high yields from 
spring snowmelt or with the runoff from a major rain storm (or both). 
Young (1977, p.6) also suggests that when there are many ice-—dammed 
lakes within a single watershed, two or more lakes could release 
Simultaneously, or a higher elevation lake could release into a 
lower elevation lake causing the latter to release. Young also suggests 
that a winter release can be sufficient to break the river ice down- 
stream which can cause ice jams to occur. The probabilities of these 
events occurring, while unknown at this time, would likely be very 
low. 

Chow #G1964.0 sp <l6—30) Sreports, (thaterin, August, (1959). a selacier 
dam burst in a remote mountain valley in the Karakoram Range in 
Kashmir and caused a flood rise of more than 30 metres at a distance 
of over 40 kilometres from the point of outburst. While the areas 
in Western Canada where these glacier release floods occur are rela- 
tively unpopulated, the flood hazard could create severe problems 
as man moves into these regions to develop the resource potential. 
Therefore to reduce the potential interaction between man's activities 
and the sudden release from ice-dammed lakes, studies to locate 
these lakes, determine the drainage pattern and frequency of release 
should be conducted prior to development in these areas. This knowledge 
would help planners to determine whether or not special flood control 


structures were warranted and would help engineers design roads, 
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bridges and culverts. 


4.3.1.3 Landslides — River Blockage (I.c.1): 

Landslides can be triggered by many factors including river bank 
erosion, dilatation, weathering and earthquakes. If a _ landslide 
were to block a river valley, the impounded waters could form a 
lake and/or cause flooding both upstream and downstream. For example, 
if a large slide the magnitude of the Frank Slide in southern Alberta 
or the Hope-Princeton Slide in southwestern British Columbia were 
to block a river channel downstream from an urban community, the 
results would be similar to an ice jam flood. The water could back 
up and cause flooding in local communities. If it were to overflow, 
the lake could suddenly drain, producing significant flooding downstream 
(Chow, 1964, pp.23-24). 

Eres *orObabpility Of this “Eype Of ‘flooding “occurring “at any 
one location in Western Canada would have to be considered low. 
The only locations where a slide of sufficient magnitude could occur 
would be in the Cordillera region of British Columbia, the Yukon, 
Miperta Pand parts of "the "Northwest Territories. “Laycock (personal 
communication, March 1980) suggests that significant landslides 
on both the Peace and Fraser Rivers in British Columbia have been 
reported within the past 20 years, but in neither case was there 
major or long-term flooding. Cruden (1976) has attempted to identify 
many of the major rock slides in the Rocky Mountains. 

in “1979 “a ‘major “slide™ occurred in “northwest British Columbia 
ome the MInklin River’ (a tributary of the Taku” River)” creating. a 20 
kilometre long lake which was approximately 90 metres deep. The 
British Columbia Ministry of Environment expressed concern that 
it might suddenly release, but fortunately the water over-—-topped 
and slowly eroded the slide resulting in a gradual release of the 
lake (Simmons, personal communication, April 1982). 

Recently, however, a landslide in the Snoqualmie pass, which 
is located in the Cascade Mountain Range in Washington State, caused 
substantial "localized flooding. On January 25, 1982, “after ‘heavy 


rain and wet snow battered the west coast region of both British 
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Columbia and Washington, a debris slide blocked a creek in the pass. 
Before the problem was discovered, the creek backed up behind the 
slide and forced the dam to burst sending a wall of water over 6 
metres high rushing down the creek channel. There was some damage 
to the highway system, but no other significant damage was reported. 
The potential for major flood damage, however, is quite evident- 
if a situation such as this were to occur above an urban center. 

Perhaps the most effective method of planning with respect 
to landslides is to know where the potential exists for such an 
event. Terrain inventory and geological hazard identification and 
location studies such as the one conducted by Howes C1981), would 
provide the planner with detailed information and quick reference 
to the drainage basins where landslides and avalanches could provide 
a potential threat to development. Conversely, a mapped inventory 
of the geological hazards would also identify ''safe'"' areas. Other 
alternatives available to the planner are to make emergency organiza- 
tions aware of the potential from this and other types of sudden 
flooding so that they can be better prepared to evacuate people. 


Other potential alternatives are listed in Table 4.3. 


4.3.1.4 Vegetation Constriction of the River Channel (I.d): 

Vegetation) econstriction, ,Ofsecatekivern  channely, can-).contiribute 
to flooding during the high yield periods. The vegetation, whether 
in »the,sriver.<channel,orpsong they flood »plain;) cam tcausega, Llow) thag 
which helps to back up water in the river channel. If a river floods 
its banks, vegetation bordering the channel can deflect the water 
outwards across the flood plain and cause more _ serious’ flooding 
to occur than would normally have been expected. When reporting 
on the Calgary flood problem, the Montreal Engineering Company (1968, 
p-30) suggested that vegetation in the Bow and Elbow River channels 
and the low level bushes and trees along the river banks should 
be removed so that high flows would not be impeded. 

On many smaller streams in northern Canada, muskeg development 
has impeded and backed up flow. This is a serious problem in low 


flow years as muskeg can sufficiently block the stream channel so 
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that during wet years the channel is too constricted to carry the 
filéws itiiycock, Wpersonal VYecommuniticatition, dMarchenl198))iAe This oisriadisoe 
true of some lake outlets. For example, in the early 1970's, after 
a period of dry years (lake level dropped), the outlet from Sylvan 
Lake became clogged up by vegetation and debris. When the lake level 
eventually rose again, shore line flooding occurred when the lake 
could not adequately discharge into the stream channel. In the spring 
of 1982 shore line flooding was experienced on Vaseux Lake in southern 
British Columbia when Eurasian Milfoil weed plugged-up the discharge 
channel at the south end of the lake. 

If planners are aware of this problem steps can be taken to 
clear the land (drainage channels) of any new growth during the 
dry period. If underwater weed was causing the problem any one of 
a number of weed harvesting techniques could be used. 

Unfortunately, pinhisnefloed’ causal ‘ifactorevds wassociatedrywith 
many major rivers in Western Canada. This makes it very difficult 


to establish accurately the occurrence pattern for it. 


4.3.1.5 Sediment Deposition (l.e): 


a) River Bed Deposits (I.e.1): 

Sediment which has been deposited in the river channel is 
mot ‘generally itconsidered ‘to the Gaveprinctpal arhloodstcausalpatactor, 
but rather a contributing factor. When a river channel becomes heavily 
covered by sediment deposits, such as sand bars, the capacity of 
the river channel is reduced. Therefore, when a high stage is experi- 
enced; ‘the! possibility “of t flooding»! increases idue to) the reduction 
in river channel capacity. For example, the Bow River through Calgary 
has large sand and gravel bars located in the channel. If these 
sand bars were removed, the capacity of the Bow River would be increased 
_and flooding would not occur as frequently at lower stages (Montreal 
Engineering Report, 1963, p.5). 

This flood causal factor most commonly occurs where streams 
flow fr outdio£ the )mountainsa andsofoothiklsrsand » ontouwflatterusplainsi 


While it is difficult to identify all the regions of Western Canada 
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where this» occurs,» itis possible oto tidentify particular ‘rivers 
and locations where river sediments do _ significantly contribute 
to flooding. These include; the Bow River in Calgary, the Red Deer 
River near Sundre, the Swan River at Lesser Slave Lake, the Paddle 
River, various creeks near Dauphin, Manitoba which rise on Riding 


Mountain, and the Fraser River from Hope downstream. 


b) Deposition at River—Lake Junctions (I.e.2): 

Sediment deposition at the point where a river discharges 
into a lake can cause a river to "back-up" during high discharge 
periods. The Swan River, which flows northward into Lesser Slave 
Lake in Alberta, provides an excellent example of this form of flooding. 

In 1957, oil exploration and development companies began to 
open up the Swan Hills watershed. Since then, grids of roads, well 
sites, batteries, pipelines and gas lines have been constructed 
im the basins, All “this: “activity and. development ‘has resulted in 
a major erosion problem in the Swan Hills area. The deforestation 
of approximately 15 to 18 percent of the area and the removal of 
most of the thin layer of soil cover triggered a major erosion problem 
(Lengelle, 1976, p.2). Much of this eroded material has worked its 
way into the Swan River and has eventually ended up in Lesser Slave 
bake. Lengselle. (19/6, .p.5) “Suggests, Chat up to 20,7000 “fons, of silt 
per day is being carried by the Swan River, and that a subacquatic 
delta is forming at the mouth of the river at a rate of 0.8 kilometres 
per year. 

In a 1971 report to the Government of Alberta on the flooding 
on the Swan River, Ruste (then Minister of Agriculture) and Henderson 
(then Minister of Environment) state; 


"The current 1971 series of floods have been the most serious in memory 
with three floodings of some farms in the space of fourteen days. There 
was also a marked change in the pattern of flooding...since water levels 
in the southern end of the settlement of Kinuso were two to three feet 
lower than in 1961 and flooding intensified nearer to the mouth of the 
river, we are of the opinion that serious silting of the river mouth 
has occurred during the past decades."' 


The flooding in 1971 was a response to rainfall runoff. Ruste and 


Henderson (1971,) pez) state, however; 
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"that oil industry development in the Swan Hills is the prime cause of 
this recent flood of the Swan River. The numerous roads, cuts and clearing 
allow a greatly accelerated rumoff. Excessive siltation occurs in the 
river which when deposited at the mouth of the river results in blockage 
of the flow." 


AUSAMLLaY t1ood situation oecurred.on. June 2/7, 1975. 

The previous example has shown that this form of flooding 
can be caused by man's influence on the environment. Flooding of 
this type (can “also soccur maturally from. forest fires. in mountain 
and hill-land watersheds, and from overgrazing. (The contributions 
to flooding by these causal factors will be discussed later in this 


chapter.) 


c) Alluvial Fan Deposits (I.e.3): 

An alluvial fan is a deposit of sediment laid down by a swift 
flowing stream as it enters a plain or a valley. Moore (1969, p.10) 
suggests that drier mountain regions are the most common location 
of alluvial fans because alternate low winter flows and high spring 
fiood discharges. of “the mountain, streams ‘favor their formation. 
In the Cordillera region of Western Canada, urban development on 
alluvial fans has become a serious flood problem. Often the flows 
of the streams on the fan are flashy following a rainstorm, and 
because of the cone shape of the fan the stream frequently tends 
to alter its channel. When this occurs, many of the structures on 
the, fan. are. seriously damageds- During ~the June .1964 flood in the 
Oldman River basin, when a major storm deposited. over 250 mm of 
rain in this area, severe flooding occurred in the Waterton Park 
townsite, which is located on an alluvial fan. Cameron Creek, which 
flows across the alluvial fan, left the man-made channel and returned 
to other former courses. The flow on Cameron Creek was "flashy" 
and consequently significant damage was caused to houses, cars and 
Stier Structures, 

In British Columbia, urban developments on alluvial fans are 
also causing concern for the provincial government authorities. 
Several centers, including Golden and Bella Coola, are situated on 


fans which are prone to flooding. The B.C. Ministry of the Environment 
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has taken steps to control development on the alluvial fans. It 
is no longer possible to build any new structures within a set flood 
zone running parallel to the stream channel. In Golden, all new 
structures must be constructed at least one metre above the _ road 
surface as the roads have been designed to act as floodways in the 
event that Holt Creek leaves its channel (Simmons, personal communica-— 
tion, September 1980). All other proposed structures must be approved 
by the Ministry of the Environment before construction and must 
be constructed at least one metre above the fan. Any structures 
which were originally constructed on the fan prior to the intervention 


by the Ministry of the Environment can remain. 


4.3.2 Meteorological Factors (II): 


4.3.2.1 Precipitation — Air Masses and Uplift Processes (Il.a): 

Not surprisingly, the author found that in studies which examined 
specific flood events, rainfall was usually identified as the principal 
causal factor. gihere—are-—two--majors air masses which «carry: large 
amounts of moisture into Western Canada and produce most of the 
rainfall experrenced~-in— the ~resion;. — These: sare,,i the’ maritime “polar 
(mP) mass which moves eastward from the Pacific Ocean, and the maritime 
tropical (mT) air mass which flows northward from the Gulf of Mexico 
and the Atlantic Ocean. Figure 4.2 outlines the general areas of 
influence of these two air masses. In the following discussion, 
the. characteristics of these two air masses will be described as 
they pertain to Western Canada. The author feels, however, that 
a limited discussion of the air masses will not sufficiently illustrate 
how and where heavy rainfall occurs in Western Canada. Therefore, 
a discussion of the uplift mechanisms which cause heavy precipitation 
is feles tobe .necessaryce wiere possi ble,, studies, witli s-be-wused to 
illustrate each type. It should be noted that while most of the 
case studies will describe specific rainfall floods in the southern 
portion of the study area, this is only because many of the northern 
rainfall events have not been adequately documented. For example, 


the 1972 Arctic Red River flood was caused by a severe rainstorm, 
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DISTRIBUTION OF MARITIME POLAR AND MARITIME 
TROPICAL AIR MASSES IN WESTERN CANADA 


FIGURE 4.2 
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but it has not been conclusively determined what combination of 


meteorological events caused the storm. 


a) Air Masses: 


i) Maritime Tropical (mT) Air Masses: 

In late spring and early summer, large mT air masses provide 
much of the precipitation east of the Rocky Mountains in the southern 
portion of the prairies. The source regions of the mT air mass are 
the exceptionally warm ocean surfaces of the Gulf of Mexico, the 
Caribbean Sea and the subtropical western Atlantic. During the winter, 
polar air normally prevents the mT air masses from moving northward 
into Canada. In the summer, however, the mT air masses move northward 
releasing precipitation from the Atlantic to the Rockies. As was 
suggested in Chapter II, Laycock (1972, p.16) has estimated that 
Biers DEOpOrt1Onake dist wipttion. of, precipitation from mi. Air may 
pe) Vapproximately, SOs percent for Winnipes,..25. percent. for..Medicine 
Hats wand ~JO percent for Edmonton. This does not smean that ml air 
masses are not responsible for any precipitation flooding in Alberta. 
This precipitation is received in large amounts in relatively few 
Major. Sstorms,.ijand several, major floods attributable to. this air 
mass have occurred and will be reviewed later. 

In Western Canada, mT air masses are most frequently present 
in the southeast plains, but the most intense storms occur in areas 
With orographic J wuplitt added” “Low warm front, convergence, or cold 
ECOMin Ci Uny Ces Cee ume cuband s Ridime. Mountaimodn. che. séast and 
the Rocky Mountain front range and foothills in the west). Maritime 
tropical air masses are relatively low-level resulting in very little 
penetration into the Rockies. Severe eastern slope storms occur 
in appnuoximately Pligsot “Gevery 3 wearcis and soccurnrence das partially 
a matter of chance (Thompson, 1976). North of Peace River mT-caused 
storms become increasingly rare. 

Weber (1980, personal communication) suggests that in Manitoba, 
rain-generated floods can occur during the summer or early fall 


on medium size watersheds (up to 3,900 square kilometres in area) 
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due to intense atmospheric disturbances involving mT air. Weber 
further states that rain-generated floods on large river systems 
such as the Red, Assiniboine, or Souris Rivers are extremely rare, 
but have occurred in the late spring when the soil was still saturated 
from snowmelt. Floods of this nature have occurred in late spring 
Om= the Assiniboine in 1954 ‘and .1955, and on the Red River in 1950. 
This type of storm generated flood has also occurred on the eastern 
slopes of Alberta at Willow Creek in 1953, Waterton in 1964, and 
Smoky River in 1972 (Warner 1973, Warner and Thompson 1974). 

The intense rain storms associated with mT air masses are 
difficult to forecast in advance, but when a storm does occur emergency 
measures organizations should anticipate that flooding could occur 
and issue the appropriate warnings. The occurrence frequency of 
mT rain storms is high enough for specific basins such as the Elbow 
and/or Bow Rivers that planning for™#rloodings iparticularly in June, 
should include allowance for these storms. If there is enough warning 
oun "a mT? ‘event. occurring in the ‘Eastern Slopes, reservoir <levels 
could be quickly lowered, flood warnings issued and evacuation of 
people and property could be initiated. More long term planning 
is possible including development of reservoirs and catchment basins 
designed to handle sudden inflows, river channel diversions around 
population centers, (Winnipeg), .2floéd proofing, ) dykingy«and “other 
flood damage reduction alternatives (see "Modify the Loss Potential", 
Table 4.3). Many other basic changes can be made to allow the passage 
of flood waters such as larger culvert sizes, bridges without piers 
in the river channel and restricting building encroachment onto. the 


flood phain.(Tabil é 4.8)" 


ii) Maritime Polar (mP) Air Masses: 

During” late fall; winter gand ‘spring, = =mP, air masses provide 
heavy precipitation to the west coast and interior of British Columbia. 
The mP air masses can also influence the winter, spring and summer 
climate on the southwestern portion of the prairies, principally 
southern Alberta. The probable frequency distribution of the winter 


mP air mass in Western Canada is illustrated in Figure 4.3. The 
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dark area along the coast region of British Columbia indicates that 
the mP air frequently dominates in this area. The gradual lighter 
bands to the east indicate that this domination decreases both as 
the distance from the Pacific Ocean increases and as the distance 
to the Arctic Ocean decreases. The source region of this air mass 
is the northern part of the Pacific Ocean, an area which in winter 
is dominated by the cyclonic circulations of the Aleutian Low. Most 
of the air that enters the mP source region originates in the cold 
continental areas to the north and west, and is drawn into the source 
region by the strong northwesterly flow converging on the Aleutian 
Low (CTrewartha,-(1968; iop.180). cWarmtheland humidity: ’from »the ocean 
surface’ are» added. to «the «stablércair, abut askit sbecomes locked: into 
thes peevasiing dcychonic ecircubation. itredsr  hiftedSewWhen! tthe smPacaix 
air arrives on the coast of British Columbia it is relatively mild, 
with temperatures well above freezing. As this humid, unstable air 
mass is forced upwards over both the Coastal Mountain Range and 
the cooler air over land, rain falls in the lowlands and heavy snow 
eam falJli,om) the smountains.. wTrewartha +1968; 'ps180)« explains trthat 
during. the winter, as the maritime air continues inland over the 
successive mountain ranges the cold land lowers the air's surface 
temperature and condensation on the higher areas causes the _ low 
levels of the air mass to become drier. Therefore, by the time the 
abei mass ereaches , Alberitva,sehtudis;joften transformedtimto avicolid,radry, 
stable, continental air mass (although not as cold as those masses 
of .continental origin). Where it makes contact with and over-runs 
colder air masses, however, some precipitation can occur (this will 
bediscussednlatersein this «section): 

LayoockenGl 97 250dpals masugeestspethaterthe Igreaterstpantyof: the 
plains precipitation is associated with these mP air masses, and 
moisture wreleasess can ftoccumeiffstrong, uplifti@situationsmare (present 
(cold front, summer convectional uplift, etc.) 

The precipitation associated with mP air masses, while generally 
less intensive and localized than that associated with mT air masses, 
Can cause extensive flooding along the coastal regions of British 


Columbia and under certain circumstances (mentioned above) on the 
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southern prairies. Unlike mT air masses, precipitation from mP air 
masses is easier to forecast in advance which allows for better 
preparation of emergency measures. People and _ livestock located 
in lowland areas subject to flooding can be warned and evacuated 
if required. For other management alternatives refer to the previous 


section and *Table 473% 
b) Uplift Processes: 


i) Cold Fronts (II.a.1): 

Heavy “precipitation ¢an ocetr along’ **the” leading *‘edge! of! 
cold air mass when the cold front acts like a wedge forcing the 
warm air ahead of it to rise rapidly. Trewartha (1968, p.104) suggests 
that “under ™ normal * conditions” the’ Yslope’ ‘of *a cold’ front surface” i's 
very steep because the advancing cold air at the ground surface 
is held back by friction, which gives it a tendency to be more advanced 
just above the surface. Because of this, the warm air rises rapidly 
and precipitation usually occurs along the leading edge of the front. 
wie" amoune “ol="preciprtatrion "depends "on “the> characteristics” -of’ the 
warm’ "air *that” sis’ being» upPitted Sand “ehe®* trate ofr uplife.) Trewartha 
GLICR,* &p $205) “WstiegestS tia rin® "Generale the ‘steep silope’ oPVthePeold 
front fo Saves im vigorous’ *uplite sand \fhat’epelring’ rain: *for “short 
periods can occur (line-squalls). In most situations involving mP 
aiz, the®®showers resulting = from 4Acold’troental “uplire 'sdo'* not. cause 
more than’ *wery “local flooding #* af prior soil moisture’ storage’ has 
been at high levels, however, and if greater than normal frequencies 
and/or: ‘intensities are’ *éxperiencéd: bécause of *eold! air aloft, *ietc.4 
more widespread flooding may be experienced. If mT air masses are 
present in the warm sector, cold frontal uplift may result in much 
greater precipitation because this air, although infrequently present, 
is usually much warmer and moister than mP air which has dropped 
a part of its moisture supply in crossing the mountains. Examples 
di =floods from? *this'* climatte* activity = areP*presented *in* the? June 
1964 flood in Montana (Boner and Stermitz, 1967) and southern Alberta 


and the June 1953 (southern foothills) and June 1972 Smoky River 
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Basin floods (Warner and Thompson, 1974). These examples will be 
discussed in the sections dealing with convergent air masses and 


orographic precipitation, respectively. 


ii) Warm Fronts (Il.a.2): 

Warm fronts occur where a warm air mass often associated with 
ay (Pacific Yeyelonic.stormmoverridesy.cold «surface }airs«' The: inclination 
of the frontal surface is relatively gentle because frictional drag 
tends to flatten out the wedge of retreating cold air. As the warm 
air slowly moves up the shallow frontal incline over the cold air, 
adiabatic cooling results and this may lead to cloud condensation 
and jprecipitation.. The,)characterjof cthe warm):aim «mass and. rate -of 
uplift again determine the amount of precipitation which can occur. 
ibfnathe warm aiteciseeconvectionaldy awnstabbe;) ascent) over» the’. cold 
wedge may cause showers ahead of the surface front (Trewartha, 1968, 
ps 203 )ssiTrewartha states | *that warm) frontal) -precipitation ‘tends «to 
be fairly steady, long in duration and widespread. 

Warman rontal ssupliftarcn stcombinationrpewith!) ouegraphic “wplitt 
causes significant rainfall along the coast of British Columbia. 
Ind ther Prairies, however; thes mP aire massespihave» lost much of» their 
moisture over the Cordillera, and there is little cloud development 
on warm fronts at low levels. Laycock (personal communication, March 
1981) suggests that since there is little heat of condensation addition 
wither lowermelével(ouplafitjecthere eisa not».much» convectional activity 
(ase inmctcold) fronts), ) [and etherefore warxmyadfront;: rains» and snows «din 
the Prairies from mP air masses are light or absent. Substantial 
rainfallssonishe Praivies: dor occur, howeverse from warm frontal «uplift 


ofimTs kixr masses. 


iii) Orographic Precipitation (Il.a.3): 

Orographic precipitation occurs where an upland obstruction 
forces an air mass to rise and cool. Water vapor is mainly confined 
to the lower layers of the atmosphere and rapidly decreases upwards. 
When the water vapor is forced upwards by the mountains, condensation 


and jcheavy sorographickrain j:can soceurs: eWarner..(1973;,, .p.87)»\suggests 


Lar = = 


ad tine a> i qmaxe wilt eat iooagiody 

hve enscen rhs neg teentes ae artlegd: irs. 

| ht 
‘aye iw h Tange fl 


akan ThA orvew @ apr gerbee * 


. * : co 
{ » sobtewe bieo ss0its0V0 ornor#' 2 
A i= 
32 Huoed. afaeeg visvizgelse @2 ue Laos 
| me nee ~ 
vet D nideetter 2:9 agoew eft? suo ee it 


E ver ltl oe [ ior? Jol leds Ti qu) eave . 
: ss hes im ie) e076 er lueo® git ts 


) teenie oho paces OnE: es im 
P - r - 
| saa e002. meas 
Ly rot tsaevne 2! she 
in arevode pe 
‘f -asede paaee . 
st gaol .ybesa ha 
: mia? teanamiae 2 
: ‘ 7 pa. 
: — | \cicter tect? lagi 
oon , ebinist 
7 = 
1 eodd tere ‘7 
; af ja 2aee! ‘ or wy 
nae 
P ary 
sila sedis aaeagQue 
) | . lou ievel aM 
_ 
277037 tle i is 
— 
in mould eelaie 
> n 
; ptt 
a 
; (1) oodjeciqtoes? ofdgarg 
; a : 
igioetq ~» 22dGengere 
bap s4hy ot abe ieee 
eE: “it a Lt 19 ¢el 3 é' a4 
Cospr id . Ss. Ox iodev  2eoe8 > 
3 tte W yr 250 iB Ae ridge regen, > (vi 


104 


that if the mountains are aligned at right angles to the direction 
of the wind, heavier orographic precipitation may result. Trewartha 
(1968, p.151) states that the obstruction need not be exceptionally 
high to cause orographic uplift. After an unstable air mass has 
been lifted to the condensation level, the added heat of condensation 
makes it unstable and buoyant causing continued uplift and convective 
rainfall. This factor will be illustrated in the following example. 

In June 1964, extensive flooding associated with orographic 
and S¢eld hErontaleuplift lof agmT Tair emass soccurredmtin Montana? and 
southwestern Alberta. Warner (1973, pp.79-88) has examined in detail 
the meteorological conditions which caused the flood. In the beginning 
OF JuneyPamoistu warm taim from ®the Gubfilsol “Mexie€otimoved@morth tand 
northwest over the western plains and central Rocky Mountains. By 
June 7, when rains associated with the flood started, the moisture 
laden air mass entered the northeast portion of a low pressure area 
which was centered over Idaho. As the mT air mass hit the eastern 
slopes, intense orographic uplift and precipitation occurred. Along 
this! portion Sof *theeteastern “slopes! >the rainfall ewas! wery heavy. 
On’. the’ morning of June, 8a’ cold*®front, from!) 'the “north’ moved ‘south 
and forced the warm mT air mass to rise. The heaviest precipitation 
lasted approximately four hours. Along portions of Montana's eastern 
slopes up to 400 mm of precipitation fell in a 40 hour period. 

Warner ep(loy Se ogptes eitcuspests. tahathlitiawoulde De Saifticult Ao 
design a combination of factors more favorable for a heavy rainfall 
than occurred in the 1964 storm. The maximum vertical motion centers 
were located above the steepest eastern slopes of the Montana and 
Alberta =Rockies; the Sflows of! moist air’ from’ therGulfi of) Mexicoswas 
unusually direct, broad, and undisturbed until it arrived in the 
rain area; and the wedge of cold air from the north was perfectly 
timed to provide several hours more of heavy rain. 

4 Most of the severe flood damage occurred in Montana and is 
described@ine détarieebyeboner andiiStermitz Wein vehe® 1967¢6U JS 1GsS eWater 
Supply Paper, 1840-B. In Southern Alberta, extensive flooding also 
occurred. Waterton was badly flooded when over 400 mm of rain fell 


on June 7 and 8 in the adjoining mountains causing many of the local 
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streams to flood and the lake level to rise 1.2 metres. 

Along the southern coast of British Columbia, including Vancouver 
Island, winter flooding is often experienced when warm, moist mP 
air is: orographically uplifted and large amounts of rain fall on 
the mountains and low-lying areas during relatively short periods. 
Recently, four winter floods of this nature have occurred. In December 
1979, over 100 mm of rain was recorded during a 24 hour period, 
flooding many low lying areas of the Fraser River Delta and Vancouver 
Island. Total precipitation for the week of December 12 - 18 was 
POs? some ate a ene Vancouver #Airoore. ana 700, mn jin the, Jordan. River 
basin on the west coast of Vancouver Island. 

Dirine the wiitine | .of “tmas thesis, a ysevere flood) of -this 
type occurred on December 26, 1980. Substantially more precipitation 
would have fallen on the local mountains during this period, and 
well over 125 mm of rain was recorded in many lower mainland com- 
Mun, CLeScam emes=GOLONLSn™ lec. 2. tOS0,. “Dp. 1)) menporte, that. 55.5 mm 
Of rain «fell in) Victoria, over a) three,.day period with 45:2. mm, of 
rain falling on December 26, 1980. Record high temperatures on December 
Wee. aniouee Cl. Cen 14a we sande). 5 Cl respects vely) “alco, caused 
extensive melting of the snowpack on the coastal mountains. The 
combination of these factors produced the worst flooding in southwestern 
British Columbia since the spring floods of 1948. B.C. Environment 
Minister Stephen Rogers authorized $13 million for disaster relief, 
but the final cost from this flood may not be determined for several 
years. The recurrence frequency of this event would not be very 
high, but to the author's knowledge, has not been determined. In 
December, 1901." sstibstantial “tloodine from rain, Occurred inp this area, 
although damage was somewhat less. 

Thompson (1976) has analysed existing records for the 1897, 
1902 and 1915 rain storms which caused severe flooding in Alberta. 
In all three cases, a warm moist air mass encountered a low system 
which formed in Montana and then moved northward into Alberta. The 
rain fell from the northern edge of the surface low as it moved 
northward. Thompson (1976, p.10) states that in each storm the pre- 


cipitation was intensified by an upslope flow of the moist air over 
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the foocnrilrs:. 


iv) Convectional Precipitation (I1.a.4): 

Convectional precipitation is caused by the adiabatic cooling 
of buoyant air currents which rise vertically. The trigger mechanism 
which starts the uplift can be caused by heating of the ground surface, 
by uplift. over a terrain obstacle, or by uplift along fronts where 
less dense air is forced up over cold dense air and the added heat 
of condensation results in uplift. The rainfall associated with 
convective cells can be very intense and is often referred to as 
thundershowers. Laycock (1972, p.14) suggests that the greater portion 
of the plains precipitation falls from Pacific air masses _ which 
are often associated with cold frontal and/or convectional uplift. 

The rainfall experienced from a thunderstorm is associated 
with the size and stage of development of each cell (Trewartha, 
1968, p.227). Rain is heaviest under the core of the cell and decreases 
towards the margins. In slow moving cells heavy point precipitation 
may be experienced which can result in significant runoff depending 
One prior “soils morsture ‘conditions: @the: rainfall can be very intense 
and localized as the following examples will illustrate. 

On June 26, 1975, the Regina area was hit by a major thunderstorm 
Whueh dropped ups LO —150; mm sok arain in =a .pervods of “four “hours... The 
storm backed up storm sewers and caused extensive flooding in residen- 
tial areas. A week earlier a small thunderstorm which dumped 25 
mm of rain in 20 minutes had caused more than $250,000 damage. 

Fluto and Lemieux (1975, p.i) describe the meteorological 
events which led up to the May 20, 1974 thunderstorm in the Winnipeg 
area; 


"Prior to the Victoria Day storm, upper level charts showed a deep trough 
over the southwest United States and a strong southerly flow across the 
northern plains. On May 19, a disturbance moved through this trough and 
tracked northeastward, resulting in a general rainfall of one to two 
inches over southern Manitoba. In the wake of this system a more intense 
wave, involving the Polar Front, developed over northern Colorado. The 
strong southerly flow ahead of the rather slow moving system brought 
increasingly moister air over the Dakotas. This air mass was potentially 
unstable and lifting associated with the Polar Wave was sufficient to 
release this instability on the evening of May 20th. Heavy thunderstorms 
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moved across southern Manitoba and substantial rainfall occurred in Winnipeg 
and area."' 


Because of the rainfall prior to the May 20th thunderstorm the ground 
was saturated and runoff on the 20th was rapid. Storm sewer systems 
backed up, and water from 200 to 600 mm in depth caused extensive 
flooding in residential areas. 

Thunderstorms in Western Canada occur most commonly in the 
southern parts of the three prairie provinces and certain interior 
docations ‘of British Columbia but <are not confined exclusively to 
these locations. Weber (1980, personal communication) states that 
rainfall floods from intense thunderstorms are not uncommon in small 


watersheds (less than 260 square kilometres in area) in Manitoba. 


v) Convergent Air Masses (Il.a.5): 

Trewartha (1968, p.152) suggests that whenever surface air 
stream convergence occurs, lifting of the air masses results, and 
atmospheric instability increases. In Western Canada the air masses 
which are present often differ in temperature and density. When 
two air masses with different physical features converge, extensive 
atmospheric disturbances can result when the warmer less dense air 
mass rises over top of the colder, denser air mass. This meeting 
Or convergence of contrasting air massesis usually cyclonic in origin 
and can commonly result in the formation of precipitation. Trewartha 
C1966 0p. 12) Staresc theta slight seamount Of Upliftmavons, a convergent 
Sector Ma viprovide: she triever  eltect necessaryito Votart vigorous 
convective overturning, especially in the warmer months, and heavy 
rains can result. This type .of storm jis often the cause of -heavy 
precipitation over the foothill region of Alberta. 

In ewune o0/ 2 eethersuplint “OL amb alt ein /theswarm ssector Vol. an 
intense low (a strongly convergent situation) caused extreme rainfall 
and extensive flooding in the Southern Peace (Smoky River) basin 
in Alberta. Warner and Thompson (1974, pp.6-11) have documented 
in detail the meteorological events which occurred during and prior 
to the heavy rains. In review, on June 11 a cold low moved off the 


Pacific coast and inland over Washington. East of the low, a ridge 
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with associated warm air extended northward over Saskatchewan and 
northern Alberta. At the same time, an elongated trough existed at 
the surface, east of the Rockies, with a low beginning to form near 
Calgary. Fairly warm, nearly saturated air covered northeastern 
British Columbia and much of Alberta. The cyclonic circulation forming 
around the developing low had just begun to transport the warm, 
moist air westward across north central Alberta forcing it to rise 
over thre foothills "of the@-Southesreace:? River. basin: Southeast tlot 
the low center (at Calgary), a cold front marked the leading edge 
of a surge of cooler, dry air advancing eastward over southern Alberta. 

At 1800 M.D.T., June 11, the low center had moved from Washington 
into southeastern British Columbia. The surface low had moved from 
Calgary northward to just south of Edmonton, and the easterly wind 
based upslope of warm, moist air over the foothills was well established 
causing’ "heavy rains “to™*oceur “over “the! South -Peace River basin. The 
warm air later spiralled around the northwest side of the low prolonging 
the rainfall. 

Warner and’ “Thompson (1974, “pyi2)* state’ *that*ithen convergence 
associated with the low contributed much of the vertical motion 
and’ ~precipitation, but’ that ®thes lifting” of the warme moist airewas 
also“ assisted “by “the ‘upslope *’conditions® “of *the® foothills: «These 
two elements created a tremendous uplift which resulted in more 
than 150 mm of rain falling over a thirty-six hour period. 

The runoff from the rain caused extensive flooding and damage 
at Grand Prairie, Alberta and in surrounding areas. The flood waters 
of the Peace and Smoky Rivers combined simultaneously at the town 
Or *Peate River with a VElows of 15575 tet he 4 Warner and Thompson (1974, 
p.-1) suggest that without the influence of the Bennett Dam on the 
Peace River, the combined discharge at Peace River townsite would 
have been 22,650 cree which would have caused a stage about 1.8 
metres higher than actually occurred. The townsite experienced some 
flood damages, but dykes helped to significantly reduce the effects 
Gim the se loo. 
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vi) Cold Air Aloft (II.a.6): 

Raintall) “from “cold airs atott “is basically# an vintensification 
of convective uplift and rainfall. As was mentioned in the previous 
section, convectional currents lift warm humid air vertically and 
as the air cools, condenses and stabilizes, a convective cell develops. 
However, if cold air is sitting above the rising air mass, the normal 
lapse rate is exceeded and the comparatively warm air mass rises 
more rapidly to greater heights and exceptional amounts of convection 
can occur. In August 1954, a cold airstream which originated from 
an area north of Siberia passed over the Edmonton area. Unstable 
convectional (uplift ‘from’ théeswlowere atmosphere into ther cold jet 
stream resulted in heavy rains in the foothills of the North Saskat- 
chewan River basin. These rains were responsible for washing out 
some of the construction operation on the Groat Bridge in Edmonton 
(Laycock, personal communication, January 1981). 

In Julye 1970, severes-floodine. occurred in ‘the TArctic. Red and 
Mountain River basins in the Northwest Territories. MacKay, Forgarasi 
and Spitzer (1973) suggest that vertical instability in combination 
with cold air aloft were the main causes of the intense precipitation 
which fell on the eastern slopes of the Mackenzie Mountains. Henoch 
(1960) mentions that rain storms from orographic and convectional 
uplift fare not) Wneommon in. ithis region. The #presence?) of | cold air 
aloft, however, significantly intensified the convectional uplift. 
MacKay, ‘Forgarasi and _Spitzery (1973, p.216)e.report. thatthe natural 
damages and changes to the flood plain were significant, but provide 
no indication (if sany) of gene sipood .effectemto jthe towns Mof sMartin 
House or Arctic Red River. They also state that; 


"Based on tree-ring data, the intensity of the storm and the flooding 
that followed were such that the occurrence of a similar event in any 
given year has a probability of less than one per cent.'' (MacKay, Forgarasi 
and Spitzer, 1973, p.216) 


lt ds. interesting™ tom note that it fwas possible to determine 
the return period for this flood event solely on the basis of tree- 
ring data and with no other substantiating data. 

The locations of many of the previous examples of rainfall 


flooding are presented in Figure 4.4. Other documented cases of 
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this form of flooding located by the author are also indicated in 


Figure 4.4. 


4.3.3 Snowmelt (III): 


4.3.3.1 Snowmelt by Stages — A Contributing Factor (IIl.a): 

In many years a gradual rise of the freezing level in the 
free atmosphere results in a moderately slow runoff from lower to 
higher levels. While the magnitude of the yield depends upon the 
size of the snowpack and the rates of temperature rise above the 
freezing level, flooding from this causal factor alone rarely occurs. 
Many authors including Chow (1964) have explained the causes of 
Snowneniseilfiaother iilood: causali@factorsig «such» asovrainfall ,sewere 
to occur in combination with the yield from the slow snowmelt, sig- 
nurieant ie looding meoubdeoccur fiFor Mexample, ifpisnowmel telin kthepupper 
Fraser River basin was proceeding at a steady normal rate, the level 
of the Fraser River would probably be below bank level and no signifi- 
€ant flooding twouldmmoccurs! Heavyhtiraintal br inwthemssouthernt portion 
of the watershed combined with unseasonal high temperatures, however, 
could add enough runoff to raise the river above bankfull capacity 
and flooding would occur. Therefore, while not a major flood causing 
factor, normal snowmelt by levels (when in combination with other 


GlOod® causal) (Giactors) Ga canigcontribute Usignificantiyvete, flooding: 


4.3.3.2 Rapid Snowmelt Flooding (III.b): 

When the snowmelt occurs rapidly, it ceases to be a contributing 
fActorsfandJicamvoften beconie-Weheltprimcipal thbhoodeteausalt factor neror 
example, during the winter of 1947-48, a large snowpack accumulated 
in the Fraser River basin. The spring of 1948 was unusually late, 
and the freezing level rapidly lifted. The result was a record spring 
flood in the Fraser River basin with damages in excess of $17 million 
(1948 dollars) (Fraser River Board, 1958, p.c-11). 

Snowmelt flooding can also occur when a heavy late snowfall 
suddenivynemelts. sinemiate PAprily 10795etspringepgf looding Moccurredsoin 


southern Saskatchewan and Manitoba when a sudden thaw followed an 
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early spring snowfall and an unusually long period of below-freezing 
temperatures (Daily Colonist, 1979, p.6). In Saskatchewan, the Weyburn 
and Estevan areas were badly flooded with rain also contributing 
to the flooding. In Manitoba, runoff from snowmelt and rain produced 
the most severe floods experienced in the Red River basin since 
1950. The Red River was only a few centimetres lower than the 1950 
levels. Rannie (1980, p.212) reports that in Manitoba damages from 
this flood event could be as high as $30 million. Environment Canada 
(198), "p-vii)/ states that. approximately 1550 square kilometres were 
flooded in Manitoba. 

Snowmelt runoff from a sudden warm spell during winter can 
also contribute to flooding. In December 1980, this was one of the 
main causal factors in the extensive floods which occurred in south- 
western British Columbia. Three days with record warm temperatures 
forced the freezing level to rise above the elevations of the coastal 
mountains. Very rapid snowmelt of a large snowpack in combination 
with rainfall and saturated soil conditions caused major flooding. 

It will be shown later in this chapter how snowmelt contributes 
Significantly /to other “flood? @events. “While a imajor contributing 
factor toy runoff, snowmelt pais* usually sone of sé€veral factors ‘which 
can combine to cause a flood. 

Flooding “Enom “snowmelt jrunohel “can. oCcuryin ‘many) ol" the “river 
basins in Western Canada (Figure 4.5). There are, however, a number 
of regions where snowmelt is either a secondary factor to flooding 
or Ws note a iiactor “at “alles As prigure: 475. indicates’, “snowmelt is 
not a documented factor in any of the urban communities in the N.W.T. 
Me. J.Ne. Jasper and Mrs R.We Hornal .of the (Department of Indian 
and Northern Affairs in the N.W.T. provided the author with a compre- 
hensive list of the flood problems experienced by the urban communities 
in the N.W.T. While there were detailed descriptions of ice jam 
and rainfall floods, no reference was made to snowmelt flooding. 
Tt is assumed, showever, that) this can be a causative factor in) this 
region. 

Generally, snowmelt is only a contributing factor during floods 


experienced ‘om -Vancouver Island. Foster (1979, p.65) states that 
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floods on Vancouver Island rivers occur during the winter months 
from heavy rainfall rather than from spring snowmelt (as is normal 
for other rivers in Western Canada). However, abnormal snowmelt 
on Vancouver Island can be considered a contributing factor to flooding 
because in some years heavy snowpacks have been recorded on _ the 
Vancouver Island Mountain Range. In the spring of 1983 a very large 
snowpack in this region caused government officials in the Ministry 
of Environment a great deal of concern. 

Fenco (1974, pp.24-33, 72-75) reports that snowmelt flooding 
occurs in the communities of Ross River and Mayo, Yukon Territory. 
Since a stream gauging station was installed on the Pelly River 
at the town of Ross River in 1954, two major snowmelt floods have 
occurred. In 1964 snowmelt runoff accompanied by rainfall flooded 
the town, and in 1972 tlooding: occurred from a combination of high 


May temperatures, the melting of a large snowpack and heavy rains. 
4.3.4 Prior Ground Moisture Conditions (IV): 


4.3.4.1 Antecedent Conditions (1V.1.a&b): 

Aside from snowmelt and rainfall, antecedent soil moisture 
conditions are generally the most referred to of the flood causal 
Factors in the reports on flooding in Canada and the United States. 
Forum che “purposes of “this flood causal classification, antecedent 
conditions will be referred to as the soil moisture condition prior 
toe*a. £lood event. If ‘the ‘ground, is” saturated or~frezen prior to 
snowmelt and/or an intense rain event, runoff will often be very 
rapid and can contribute to severe flooding. In general, antecedent 
soil moisture is a potential flood causal factor in every region 
of Western Canada except for high alpine areas of the Cordillera 
and northern reaches of the Northwest Territories. For example, 
prior to the heavy rains which caused the June 1964 floods in the 
Oldman and Milk River basins, snowmelt created saturated soil condi- 
tions. Warner’(1973.) p.6) reports; 


"Large scale melting of the snowpack began towards the latter part of 
May and continued into June at a sustained high rate. The resulting high 


soil moisture content and high streamflow were conducive to the rapid 
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response of most streams in the flood area when the storm of June 7 and 
8 struck." 


Boner. and Stermitz (1965, p.85) also report that the soil moisture 
in the Milk River basin and the Montana foothills was near field 
capacity because of cool weather and above average precipitation 
in April and May. 

A similar, Situation , occurredy,in, the ,Carrot. River basin, ,in 
Central “Saskatchewan dnget957. 4 Collier (1965, .p.70) jreports ) JEhat 
natural storage was relatively high in the basin prior to the 1957 
spring flood, as a result of the preceding 30 month period of abnormally 
high precipitation. When heavy rain fell in late April the soil 
was unable to absorb the runoff and serious flooding resulted (other 
causal factors were also responsible for this flood and will be 
discussed in later sections). 

Antecedent soil moisture storage can also become a major flood 
Calisal, Lactor (when ice p,torms. on the .scil surface “(causal factor 
ib). For example, Jif a “veryi wet fall .is .suddentys followed by..a 
bong. cold ‘snowy winter, jal layer of ice ‘could: 4form»yon, and .wathin 
thew sold ssurbace, treegings (thes cround) solid, If during gthe sisprineg 
snowmelt heavy rain fell on the still frozen ground, the impervious 
surface would contribute to accelerated runoff and could create 
severe flood. conditions. ~Flooding) from, this , situation, occurred. in 
May 1965 in the Upper Mississippi River basin and caused $160 million 
in damages (Anderson and Burmeister, 1970, p.A1l). Severe flooding 
of this type palso. .eccurredgiin the Cypress Hills region ‘of Alberta 
and Saskatchewan in 1952. During the fall of 1951, heavy precipitation 
prior to the onset of freezing temperatures left the ground soils 
saturated. ,.A. sudden freeze turned the soils into, "concrete" vice. 
Late heavy snows fell during the winter, and in the spring when 
warmer temperatures caused the snow to melt, there was little infiltra- 
tion J into. the istirface “sol1is ss. As a result, the x,unott was rapid’ and 
caused significant flooding in the area (Laycock, personal communica- 


tion, 1982). 
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4.3.5 Oceanic and Coastal Factors (V): 


4.3.5.1 Tsunami Floods (V.a.1&2): 

The presence of an active seismic zone along the west coast 
of Canada and the proximity of this area to other seismically active 
regions in the Pacific basin exposes most of the low-lying coastal 
regions of British Columbia to flooding from tsunami inundation. 
Foster wand “Wuorinen (1976, %p.113)> ‘describe tsunamis as? “trains of 
seismically triggered sea waves, most frequently generated by submarine 
dip-slip faulting, which are capable of causing extensive damage 
in low-lying coastal areas."' Foster further reports that between 
1900 and 1970, 138 tsunamis, .of. which 43. were destructive, have 
been recorded in the Pacific basin. 

Tsunamis are capable of travelling great distances at speeds 
in excess of 960 kilometres per hour. The dangers from tsunamis, 
therefore, are. not’ confined@ionly to the areas ‘of (origin. Of the 
ten tsunami wave trains measured at the Tofino tide gauge, none 
have been generated locally. For example, the 1964 Alaska earthquake 
generated a series of tsunamis which caused extensive flooding and 
destruction. on the twestitcoase’® of British ‘Columbia, “particularly 
along the Pacific coast of Vancouver Island. The greatest destruction 
occurred at Port Alberni on Vancouver Island when a series of tsunamis 
funnelled down the long, narrow Alberni Inlet and piled up on the 
townsite. Flooding was extensive and the resulting damage has been 
estimated at $10 million (1964). 

The distribution of endangered areas from future tsunamis 
is -ditticult to ~predices In fable 4.4, ~however, Foster and) Wuorinen 
(1976, p.116), with assistance from S.0. Wigen of the Canadian Hydro- 
graphic Services in Victoria, have attempted to rank the coastal 
communities on Vancouver Island according to the tsunami risk; low, 
medium or high. This classification is based on the exposure, site 
topography, and altitude of each settlement. 

Like many other causal factors, tsunamis could cause severe 
flooding if they occurred in combination with other events. For 


example, if a tsunamis were to occur during spring runoff when the 
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TABLE 4.4 


TSUNAMI-ENDANGERED VANCOUVER ISLAND SETTLEMENTS 


Foster, 


Harold .D. 


Settlement 


Alert Bay 
Bamfield 
Beaver Cove 
Coal Harbour 
Fort.Rupert 
Franklin River 
Gold River 
Holberg 
Kyuquot 

Long Beach 
Mahatta River 
Port Alberni 
Port Albion 
Port Adduce 
Port Hardy 
Port McNeill 
Port Renfrew 
Quatsino 
Sointula 
Tahsis 
Telegraph Cove 
Tofino 
Ucluelet 
Winter Harbour 
Zeballos 


Risk* 


ao) fee) eo (k< ee deep efor! (es je< Tes jes} (seh ee ES (EES [oe! ise) fee) ies fee (es IES EX 


*High (H), Medium (M), Low (L). 


ofeNeetortas pp mitg—i22. 


and V. Wuorinen. 
Tsunami Warning System: An Evaluation."' Syesis. 9. University 
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river levels were high, a bore effect caused by the tsunami moving 
up a major river could cause localized flooding. It should be noted, 
bowever, that. sthe probability, Of [this occurring is. very , low. The 
return period for a major tsunami could be very long. 

Following the tsunami damage caused by the 1964 Alaska earthquake, 
Canada rejoined the Pacific-wide seismic sea wave warning network 
which is controlled by the International Tsunami Information Center 
in Honolulu, Hawaii. This complex warning system alerts member countries 
Logated «in. the Pacific «basin, of any ,seismic activity which could 
potentially result in the formation. of ja tsunami ,train ~ (usually 
an earthquake registering 6.5 or greater on the Richter Scale). 
Once a tsunami has been confirmed, the arrival time at various Pacific 
coastal locations is estimated from travel time charts (considered 
Beenrate within. .2, J. nercent )s peepared. for ‘each tide ‘station. in. the 
system (Foster and Wuorinen, 1976, p.118). Based on the information 
received from Hawaii a warning system has been established by the 
government of British Columbia to alert coastal communities as to 
the estimated time of arrival. This warning system has been described 
elsewhere (Erb, 1965; Foster and Wuorinen, 1976). Aside from warning 
systems other flood damage reduction alternatives which could be 
considered by the planner include public education programs, evacuation 
Dlans een Gentitication, ~ofo sites Jsubject to inundation... restricting 
development at high risk locations, moving hazardous storage facilities 
such as oil tanks away from water and,where feasible,the construction 
Of Sbreak. walls such jas. thoses located at Hilo, Hawaii, and Crescent 
City, California. The previously described research conducted by 
Mr. Wigen of the Canadian Hydrographic Services could provide much 


of the foundation for planning. 


4,3.0.2, Highs lides (Vb): 

High stides are enot wan. important 1 Lood scausale factors but wit 
several locations in Western Canada they can be considered to be 
contributing factors. For example, Hornal and Jasper (personal com- 
munication, August 1980) suggest that low-lying parts of Tuktoyoktuk, 


which is located on a peninsula extending eastward into the Beaufort 
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Sea from the MacKenzie Delta (Figure 1.1), can experience flooding 
under the appropriate conditions. High monthly tides in combination 
with wave action and the wind set can apparently result in limited 
flooding. 

Thisvtcamvialsovsbe taroshocalhk@probtem: lin \certain <oastal Ptareas 
of the Fraser River Delta. When extremely high tides occur in combina- 


tion with a high water table, residential basements have flooded. 


4.3.5.3 Wave Surges From Slide Activity (V.c): 

Destructive waves can be generated in coastal bays when large 
sections of mountains or glaciers slide into the water. The displacement 
created by the solid mass can create an extremely large wave (see 
Dam Failure section). The best local example of one of these slide 
generated waves occurred in Lituya Bay which is located north of 
Sitka, Alaska in the "Alaskan Panhandle."' Lituya Glacier is located 
au the northotendeef Gthenglonge T-shaped! fiord=: “On Sgulyit9, e1958ywian 
earthquake along the Fairweather fault triggered a landslide of 
apornoximatve! yiawOsimibiion SsonetyoRitrockoriandy icé?’,on° Lituya Glacier. 
Tutty WHooegtepe fis) Istacesrethawegithertmassy slide approximately o0vs 
kilometres into Lituya Bay which sent an immense wave across’. the 
bay at over 160 kilometres per hour. The wave apparently surged 
over 520 metres up the mountain slope on the opposite shore, removing 
all vegetation and killing two people (sparsely populated area). 
Tufty (1969, p.118) includes an eyewitness account which, if valid, 
would illustrate the size of this wave; 


"Two eyewitnesses, Mr. and Mrs. W.A. Swanson, tell that in only a few 
minutes their forty foot travelling boat, the Badger, was lifted up by 
the huge wave and thrust ahead of it stern first just below the crest. 
Hurled over a point of land called La Chaussee Spit at the bay's entrance, 
Mr. Swanson looked down a distance of eighty feet onto the tops of trees 
growing on land below, just before the wave crest broke and dropped the 
boat safely in the ocean outside the bay." 


Whether this account is exaggerated or not, the other evidence for 
this event is spectacular. 

The ‘potential ‘exdistsiyfora"a, flood*wavesof*s'this® type to) ‘secur 
in many areas along the B.C. coastline. However, the probability 


and frequency of occurrence would be very low at any single location 
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and this factor should not be seriously considered in most areas. 


4.3.5.4 Storm Surge Waves (V.d): 

Storm surge waves are not a major flood causal factor in Western 
Canada, but have caused substantial flooding in other areas, notably 
in the United States and in Holland, Denmark and West Germany. For 
example, recent storms on the North Sea in November 1981 caused 
stenreicant “storm * "surge ‘Sloods Pine thee*latter two countries. There 
are, however, reports of storm surge floods along the coastline 
of Alaska and Canada on the Beaufort Sea. Reimnitz and Maurer 
CPO79? ps29)) report! “that Olin “1970 “Ya stmajor storm surce® causedroby 
gale-force winds inundated low-lying tundra areas as far as 5000 
metres inland and left a driftwood line as much as 3.4 metres above 
normal sea level along the Beaufort Sea coast of Alaska. Henry (1975) 
has recorded two surges about 1 metre high along the Canadian portion 
of the Beaufort Sea during the winter of 1973-74. Reimnitz and Maurer 
(1979, p.341) state that three surges, 94, 140 and 69 cm, were recorded 
at Oliktok, Alaska during January and February 1973. 

The* *potentialfor “storm surge activity ea long “iher Paci fie ncoast 
of Western Canada exists, but the author feels that this would be 
a®*veryo"localized*+flood situation twere ‘it tovdccin et C1titsul ficeotsat 


this point to simply make reference to this type of flood hazard. 


4.3.6 Lake Flooding (VI): 


4.3.6.1 Landslide Induced Wave Surges (VI.a): 

In the Cordillera region of Western Canada, many communities 
are located beside lakes where there is a potential for landslide 
generated wave surges to occur. Although no examples of this form 
of dynamic flooding were located, the documented case studies presented 
for the causal factors V.c -- wave surges from coastal landslide 
activity and VIII.c.3 --— dam overtopping, adequately illustrate 
the possibilities. Kootenay Lake, in southeastern British Columbia, 
provides an excellent hypothetical example of the potential for 


lake-shore flooding by landslide- generated waves in the Cordillera. 
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The lake is approximately 60.metres deep and if a substantial landslide 
dropped into the lake, many of the urban communities situated around 
Kootenay Lake (including the larger centers of Nelson and Kaslo) 
could experience significant flooding from a wave surge. While the 
exact nature of the stratigraphy in this region is unknown to the 
author, and therefore the probability of this flood type of flooding 
actually occurring cannot be established, this example serves to 
illustrate the potential nature of the hazard. 

For an individual location in Western Canada the frequency 
for flooding of this type would be extremely low and near impossible 
to calculate. Landslides into lakes would be more common in reservoirs 
because sof YUslopen undercuttane ibyliwave, action» /(calsalyyfactor yeVac 
& Vl.a). For a description of possible flood damage reduction alter- 


mativesia refer ito Sectione4 3. 1495 


4.3.6.2 Lake Level Fluctuations (VI.b): 

Lake level fluctuations have caused significant shoreline 
flooding in many lakes in Western Canada. For example, in 1972 
the Alberta Department of Environment released a study which identified 
many of the problems associated with 70 lakes in the province. Their 
findings indicated that 63 percent of the lakes experienced shoreline 
flooding and a further 9 percent had a problem with lake level fluctua- 
tions (Alberta, Department of Environment, 1972, p.5). 

Based on the literature reviewed, the majority of documented 
lake shore floods have resulted from runoff during intense rainstorms 
(once bagainig tithe TeontributioOnsaio£ other) causalatactorsyedf present, 
have not been acknowledged). Weber (personal communication, 1980) 
suggests that during this period the flood problems can be compounded 
by wind set and wave uprush. In support of this statement, Warner 
Ch9 72400 p.28)4 twhen studyings the) hJune, 19646 precipi tatdonsefloodsesin 
the Oldman and Milk River basins in southern Alberta, states; 


"The Waterton Park townsite, which is bordered by Waterton Lake, was 
the scene of very severe flooding. The lake rose four feet in a three 
hour period early on June 8. A brief 7O-mph north wind created waves 
on the lake that smashed boats at the Waterton Lake pier." 


Lesser tShkave eLakeedin’ Alberta also isuffers wirom «extensive and 


1 ee 
a i : a —_ ms ~- a 
: iy re ne ; 


" ) 
, j ie i 
odd to Vr rao at ! 


~ 


pte kif eve I lattrastadwe 8 22 teen: a4 
bewexs betausi« aelzin om 2 mndive 
(olued hrs noel ot ta a7staea tegxel ty 
eta othe way — ne e monk: gabbodhs - snagi ig ra ; 
on same @4 Ho kya eho nd dita ye & ‘ed 
beoll maaey te gotlidadorg “wide rod: * he one 


ony 
gatbool? a6 say 
ot eavres elon nid baste diidases od onan pire 
-Bomead ofa 36 siuzer Inbamodteg 

abucvad auegaae  @) ocotasscel. noe 

om bow woh eignetzes ed tinow)2qta aida 3e ood 
noame> eyomoed Bhoow fotel gins endl [ahaa 8 setuates: 
une): niekiee ence od! gebaseopehae sqoie: ode See 


booki sitiisecq ro~nataqeaeaily s rot ta ,Rl: 


.& noisoom 07 en sok; 
ele 
iv) enckgeotoel4 loved oda $ 
> teewns anoitesiout® _lawets. ‘nile, 


ball 


pl? rteneed al 2odn{ ‘qos 


: nite % roameasivnad 20 26-90% ras0qs0: re) dA aaZ 
af: ot eovpl Gi deiw beantooase ama killing: oda 01 
aene. ead pada lor aneotsq, 6 Same bessatbnat: 
iyiw weltioty w Sed Jas>18q, e setae} ban. 
2 0g gh -(atremtes tves tc sromezaqed. an or 
(om oes qhaweteat orwsarauthi ene im mr Onn ai 
hi ni evutveth Donen morte’ bezkuser swad 6oi2: 
Te ee ‘i Inaues raise je eno lsudhagnes oi 
; srr 3 ipnoenuy) aedow manele 
bapecuee .f ees. eanlideted ponte wiz. bolweg ones 


iteometeas aby tm! imgaee si atiewaqy, >: 
- @¢odled 428 “oak mt stark oe hep 
feodn2e ob mee A, vaedsoge: sal sake rove 


we aalnd  Oienaaall wi bernelpaaad, aR abet ilamot } 
ante «nt —_ sok seer? plies + ow 

a ¢ ‘ a 2 7 
nove JONeT at Aden peer e ) a anc baa iy ex" 


‘Vaghy sib en ork i 


Soe ovtemsixne @on) epetaun atkl, 


ow 
ot ‘ 
y 


E22 


frequent lake shore flooding. Nemanishen and Neerae (ii 8Oy"e Fp 257) 
report that during the period 1914 to 1978 significant floods were 
gecerdedtfaround theteblake wmre 19 Ateb920,y' 1935s, 19650n.1 97K. 19745 
1975 and 1977. Essentially, rain precipitation runoff was identified 
in all cases as the principal flood causal factor, and in most cases 
asm the leon lyercausalVatactor For the flood of 1935, Nemanishen 
and Meeres (1980, p.83) have identified excessive antecedent soil 
moisture conditions and prior snowmelt runoff as contributing factors, 
and for the 1971 flood similar soil conditions were also acknowledged. 

Alberta is not, however, the only area in Western Canada where 
lake flooding is a problem. Obtaining information for the other 
regions of Western Canada was difficult, but several examples were 
bocated 15 Fenco™ (09745 8"p1s2)8 reports that ‘kakeGulevel ©fluctuations 
on Teslin and Marsh Lakes in the Yukon Territory have caused flooding 
of private property in past years (years not identified). The 100 
year return period for water elevation has been determined for Teslin 
Lake using measurement data from the Water Survey of Canada for 
the period 1945 to 1973. These data have been used to identify a 
flood zone around the lake shore, and 16 properties were located 
within this zone. 

Weber (personal communication, 1980) suggests that shoreline 
Flooding of lakes sometimes occurs in Manitoba due to excessive 
lake inflows. Weber failed to identify which lakes were involved, 
but it is assumed that Lakes Winnipeg and Manitoba experience this 
problem. 

In British Columbia, Fumalle (1973) estimated damage around 
Okanagan® Lakexc'fol lowing 5 ay (0722) hood. vApparentlysgaineteartly vrtuby 
1972, the elevation of Okanagan Lake peaked at almost 23 cm above 
its normal maximum. The damages to local residences around the lake 
were not found to be extensive. High water levels have been experienced 
ome Okanapanetlake tsevent Gimesetel9210)° 1928, #1942 ee 1DAGS GhO4S pws 
anaes 19/72 idtring the period “of record 1920 to 1974 at Penticton 
(Environment Canada, 1980, p.96). 

In Alberta the water balances of Gull Lake, Cooking Lake and 


others have been ‘studied © (Laycock, 1973). The very wet ‘years of 
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theigd 900s etoNe1907 period Paesubeced in these’ lakesS**having’ overflow. 
In subsequent years, levels have declined irregularly by two to 
four metres and cottagers have located buildings, roads, etc. below 
the old overflow levels. In some moderately wet series of years 
(e.g. 1953-56, 1971-74), some have suffered flood damage. Hay meadows 
and other agricultural lands suffer damage in wetter years (e.g. 


"Burnt" Lake near Sylvan Lake, Hay Lake). 
4.3.7 Engineered River Channel Obstructions (VII): 


4.3.7.1 Bridges and Debris Floods (VII.a.28&3): 

Earlier in this chapter it was explained how flooding could 
ectur Vifvva bridge obstructed "the flow of ice during spring break- 
Upees LE is also “possible “fom™@bridges to block floating debris: -on 
the river surface when the river is in a high stage. Many of the 
older bridges in Western Canada were constructed relatively low to 
uhepiauyers@andsiwhene thigh "discharges occur” 1A svenote*uneommon’ for 
fogs: wiulftwood" tand® other*naterial’ tor bind up* against *%che™ bridge 
and form a dam. When this occurs, thé *river has restricted flow under 
most of the bridge, and water is forced out and around the structure, 
oLtenmetflooding, the” local® urban “or® rural®-aréeas*? For? example, tthe 
Montreal Engineering Company (1968, sheet 9) suggests that both 
the Hillhurst and Center Street Bridges in Calgary would have this 
problem:® ThentHillhurst. Bridge, SwhichyY was’*constructed "in °1920/,°"has 
arched sections that are supported by massive piers. The bridge 
has very® little clearance, )and at the Bow® River were to * reach "a 
discharge in excess.of 1415 rac. driftwood would jam against the bridge 
and water would divert® inte. “theinHillAurse™ distrier to? the "nerth 
and into downtown Calgary south of the river. When the river discharge 
reaches 1/700 nets a similar flood situation would develop around 
the Center Street Bridge and water would be diverted into the downtown 
area of Calgary. 

Durdne) the June GWO7/UriloodstatsaForteeNeltson, British*\Columbiay 
the Bailey Bridge which crossed the Fort Nelson River caused a massive 


debris jam upstream from the bridge. Water was diverted around the 
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bridge washing out the road approaches and flooding the adjacent 
land. The pressure exerted by the debris jam later removed the whole 
bridge. 

It is essentially impossible to predict when and where this 
type of flooding will occur in Western Canada. Basically, it could 
happen at any location where the bridge design does not allow the 
free passage of drift material during a high stage. There also has 
to be a source of debris present in the vicinity of the river channel 
to provide the material necessary to form a jam. In most rivers 
in Western Canada this latter requirement is available, because 


even in the drier regions trees do grow alongside rivers. 
4.3.7. Land fil lbrand+Dykes:.(Viekeb ): 


a) Landfill -— Reduced Channel Capacity (VII.b.1): 

As was previously discussed in several other sections of this 
chapter, any obstruction which reduces the channel capacity of a 
river will contribute to flooding during high yield periods. Landfill 
Can ebeeparricularly hazardous’ in this respect, because by constricting 
the river channel, the stage of the river can be increased (Montreal 
Engineering Co., 1968, Sheet 1). This can often lead to the flooding 
of areas which would possibly have remained dry if the river channel 
had been left alone. 

The Montreal Engineering Company (1968) was able to identify 
many sections of the Bow River in Calgary where landfilling along 
the shore had significantly constricted the river channel. During 
aeperiod,.of.shigh discharge] fthé«river couldspossibly’ beorforcedover 


the river banks because the channel capacity would be exceeded. 


b) Dyke Constriction of Flow (VII.b.3): 

When attempting to control flooding, man can often inadvertently 
contribute pto itierFotevexample, aiby : diining: arriverecwithttdykes ; rman 
removes much of the on-stream storage capacity for that section 
of the river which is dyked. During high discharge periods the dykes 


constrict the flow which would ordinarily spill over the river banks 
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and onto the flood plain. Often the river level between the dykes 
rises well above the level of the flood plain. When the dykes end, 
the flood waters flow outward from a river channel which does not 
have Cathela capacity ato lecontain)$ehis tvolumée oferwatergh andr rlooding 
can occur. On the Fraser River Delta near Vancouver, this problem 
does» not exist because dykes» line the river channel right up to 
the point where the Fraser empties into the Strait of Georgia. However, 
in the Manitoba portion of the Red River basin, the only major reservoir 
available is Lake Winnipeg. Upstream from this reservoir, however, 
dyking has only been designed to protect the local communities and 
after the water passes between the dykes it spills out onto the 
rural countryside. Mudry, Reynolds and Rosenberg (1981, p.23) report; 


"Dykes to protect agricultural lands are not economically feasible and 
what is even more important is their adverse effects on upstream water 
levels. Also by elimination of natural valley storage they increase down- 
stream peak flows." 


The author appreciates that dykes are engineered structures 
designed to reduce the probability of flooding, but in the circumstances 
described above the dyke can also be viewed as a flood causal factor 
in other areas. 


Go3%7..3mDamse(Vil.c): 


a) Dam? Failure ((Vilboce2) : 

Many of the major dams in Western Canada are located upstream 
from heavily populated areas and the sudden collapse of one of these 
dams could cause extensive flooding. For example, the Mica Dam on 
the Columbia River in British Columbia has a very deep, 180 kilometre 
long reservoir behind it. If the Mica Dam was to fail for any reason 
(earthquake, landslide, etc.) many of the communities located downstream 
on the Columbia River would be flooded and/or destroyed. While this 
is dolvery catastrophig dvenngs .thérhpessibidaty dof itifloeceurring ¢is 
pnobablystfatrlyoclowvedThere Jisysthowevergniayipotential thor failure 
at this and other locations and studies are needed to determine 
the potential. Once again the author appreciates that dams are often 
constructed to provide flood protection, but regardless of the cause, 


thathers, precipitation tomadesign flows;rcimajond flooding sti llcoccus 
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downstream afta tdam *fails? For! >this’: reason, dami@failures "must ‘be 
considered a potential flood causal factor. 

The author was able to find reference to several dam failures 
in Canada. For example, in 1952 the 20 metre high earth-filled 
Duncatirn Dama on ViSwifes Gurrenti Greekeni(built 19042)wWipartially %faided 
during spring runoff. The heavy runoff required the dam officials 
pore releasaUwatermsirom Athe fireservoir atat ‘the 'ifuwl] stcapacitye .offithe 
spillway structure. The downstream end of the spillway dropped 3.05 
metres vertically into a pool which had formed from the heavy discharge. 
Tnemsvinlingeactiontinl.<this pool apparently caused the spillway 
basin to undermine, and only emergency measures (sandbagging, etc.) 
and a timely end of the storm prevented a major dam failure from 
occurring. 

In April 1952, Eastend Reservoir on the Frenchman River failed 
during the same storm which caused the partial failure of Duncairn 
DanwlAlsoscim 1052 ;(itheryValwMariewidam (e@arthfi1ig79s9 jwtailedewhen 
spring runoff over-topped the dam as the spillway was unable to 
handle the discharge. Two other dams, the Fourth Lake Dam (failed 
Lol jofandatthe cScott “FaldewDanre (fai bedi a 923)era iso. fai ledafromnttilood 
water inundation. 

While it was not possible to establish the damages caused 
bywthese damefanhiress*tiwkis enough ttotirealize that’ theyortcan*oceur. 
There are several examples from the United States which further 
miiustware (the ‘possibiiiey ‘Sr tdamtttail ures *occurring manwaneii9 76, 
the 90 metre high Teton Dam on the Snake River failed. The Edmonton 
Journal @(dunevel-PaOv76s Gp.2) wepoxted Gthatrthe dam was controversial 
from the start because there were claims that the site was located 
omralyiauiler zone @and Vthavetthe, matertaletiwas Ptoolcporous! GtoMisupport 
a dam. The resulting flood caused 11 deaths and hundreds of millions 
of dollars in property damages. Other recent dam failures» in the 
liniteds Statesit*occurred weet BJohnstown,7> Pennsylvania: ineol97 7dé@and tliat 
Toccoa Falls in Northeast Georgia. 

During the 1964 rain-—induced floods in Montana and Southern 
Mibenta *(distussed earlier) ithe bfiailure®t of@SWift Dam% on PBicchmCreek 
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19 lives. During the same storm the failure of a dam on Two Medicine 
River in Glacier Park, Montana (June 8) killed 9 people (Warner, 
1973,+ p $20') . 

Dee isyvery “difficult “to plot the potential occurrence * pat term 
of this flood type aside from presenting a map with all the dam 
locations on it. This would be a major undertaking, as there are 
more than 1000 dams in Alberta alone and for this reason the author 


has elected not to attempt this. 


b) Dam Over-topping (VII.c.3): 

The possibility of a dam being over-topped by a wave generated 
within the reservoir should be considered as a dynamic flood causal 
factor. Because of the steep-walled nature of many of the reservoirs 
WSBrveish Columbianmit would “beleqdite possibile for #a Willideihto occur 
which could generate a large surface wave in the reservoir. For 
example, some of the reservoir walls on McNaughton Lake (behind 
Mica Dam) are very steep and subject to sliding. If a large enough 
paade: AGecurred* at * certainnd ocations in eithe \'reservornmy iat very darge 
wall of water could run down the Columbia River valley towards Revel- 
stoke. Similarly, if a slide were to occur above the dams on the 
Kootenay River upstream from Castlegar, several small communities 
along the river and portions of Castlegar could possibly be flooded. 
There are also a number of reservoirs located above the city of 
Vancouver» 2(toeethe«north) which Gcould! release Va’ *tremendos “amount 
of water onto certain portions of Vancouver and the Lower Mainland 
if they were over-topped or if failures occurred. 

In northern Italy a major wave was created by a _ landslide 
shortly after 11 p.m. October 9, 1963 when a portion of Toc Mountain 
slipped into the reservoir behind Vaiont Dam, the third highest 
concrete dam in the world. Tufty (1969, p.1i18) reports that millions 
of tons of water in waves more than 90 metres high rushed down the 
valley, killing over 4,000 people. Autumn rains had loosened about 
37,500 cubic metres of rock approximately 200 metres above this 
reservoir #eeltalian tatthorities: whad!i been» aware of ‘tthe, “problems tand 


attempted to lower the reservoir which was 6.5 kilometres long, 
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400 metres wide and 270 metres deep. The Italians had only lowered 
the reservoir 21 metres when the rock mass slide occurred. The dam 
held, but approximately 150 million tons of water over-topped the 
dam destroying the towns of Fae and Langorane and flooding four 
other villages. 

The previous examples are not cited to serve as a scare medium, 
but “only®* to illustrate how a flood of this type can occur.’ Because 
of the steep mountain sides surrounding many of British Columbia's 


major reservoirs it is a flood causal factor which should be considered. 


4.3.8 Land Use Changes In The Watershed (VIII): 

Land use changes in the watershed can include a wide range 
of types and processes, both naturally and unnaturally caused. Forest 
and wild fires can cause extensive changes in a watershed area, 
often resulting in increased runoff and erosion and sedimentation 
problems. Earlier, it was explained how erosion and sedimentation 
(I.e.1 & 2) can lead to reduced river channel capacities and flooding. 
Similarly,  changes@tin land: tse Weuchetas forest + clearing for arabile 
land can also cause problems. Agricultural practices including down- 
slope plowing, ridge-and-furrow cultivation and over-grazing by 
domestic livestock (and ungulates) can speed-up soil erosion and 
runoff. More obvious changes to the watershed include clear-cutting 
of forests, urban encroachment into the rural setting, and the introduc- 
tion of new road networks. These changes in the watershed can increase 
runoff! so that®*ildod waters may acctmulate™ more*irapidly. ~it “should 
be appreciated that most of these changes to the watershed may not 
individually cause major flood events, but can contribute to increases 


in flood intensities. 


4.3.8.1 Forest and Wild Fires (VIII.a.1&2): 

Forest fires or wild fires whether caused by man or by natural 
elements can increase runoff from a watershed area. In 1980, Manitoba 
had °1076 ‘forest’ fires” ‘which ‘consumed” an area of 769;000 hectares; 
Aiberta+ had#™g38 ) fines Pcovering “a *total® area’ of *640,000 “heetares: 


BEatish® Coltimbia Shad! 176388 fires!” CG959027"eheéetares)s* Saskatchewan 
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had 243 fires.(1495,593. -heetares):. the. Yukon» hadwst 50m fares ai(06),,9005 
hectares): andsmthe .Northwests Territories ,recorded.:345 «fires, which 
burned over an area of 1,044,286 hectares (Environment Canada, 1980 
and. Northern ..Forest...Research., Center, .1980).) The .1980--forest.. fire 
figures represent the worst fire year on record for Western Canada. 

When a major fire clears the vegetation from a portion of 
a watershed, runoff and erosion can increase significantly because 
there. is.jno.,vegetation to,.,intercept and. «detain. .the/ jrain. » During 
spring, snowmelt can occur faster because the shade cover has been 
removed and the subsequent runoff is quicker, without vegetation 
to hold it. A number of studies have been conducted in Canada and 
the United States to determine the impact and yield increases experi- 
enced: in a watershed after a fire has occurred. The following two 
case studies were selected because of their relevance to the _ study 
area. 

Cheng (1980) studied the hydrological changes in Palmer Creek 
basin (18 square kilometres in area) approximately 3 kilometres 
west. .of sSalmon .Arm, pBuitishs Columbia,<afterira ssevere hifi reiaburned 
Over .060, iol, the watershed Sept. 11 and 12, 1973. The lower’ portion 
of the Palmer Creek watershed was completely burned over, while 
the upper portion was left intact. Cheng used the stream flow charac-— 
teristics. of »the upper. Salmon, River s(not burned)aswhichtss dlocated 
in the same drainage basin, as a control and comparison basin. Cheng's 
results were as follows. After the fire the burned watershed had 
higher and earlier annual peak flows, an advancement in time of 
the major snowmelt runoff, and increases in total April-August water 
yield and monthly yield during the late summer and fall (August- 
November). These changes are the result of earlier and faster snowmelt 
and a reduction in evapotranspiration loss from the burned watershed. 
Over four years (1974-77) the average seasonal water yield increase 
was 24.0 percent. During the August to November period the average 
monthly, increase ~in runoff, waseu37 .~percents, »pwhich giindicateseathat 
transpiration and interception had been reduced during the growing 
season. Cheng (1980, p.251) states that peak flows occurred much 


earlier than in pre-fire years and there was a higher concentration 
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of runoff in the river channel because the snowmelt period was shorter. 

Helvey (1980, pp.627-634) conducted similar research in the 
Entiat River basin, located northwest of Wenatchee, Washington, 
which is similar to parts of the Cordillera region in Western Canada. 
Three watersheds in the basin were used to determine the effects 
of a majorel97209 fire nd butemnenmwasodeft -ini.a,, burmed condition to 
act as a control. Rehabilitation was conducted by grass’ seeding 
and log salvaging in the other two watersheds. Helvey (1980, p.631) 
states that during the seven years following the fire, the utilization 
of moisture from soil moisture was greatly reduced and runoff rates 
increased rapidly. The vegetation cover increased over the _ seven 
year period, but Helvey estimates that the vegetation would not 
reduce?ffrunotf rifor ato least. SO. syearss. until, a-yclesed,.canopy, covered 
the burned area. Helvey (1980, p.632) states that snowmelt occurs 
earlier because of reduced shading and increased direct shortwave 
radiation reaching the snow surface. The snowmelt should also have 
been affected by changes in the wind and snow patterns and other 
factors. Annual peak flow rates from snowmelt more than doubled 
attereathel farenoccurreds 

The results of these two studies does not necessarily mean 
that because snow melts faster and earlier from a fire-burned area, 
thisrwincreased): runoffedwill, «contribute, ito.,flooding. . This ) depends 
also on the altitude of the burned area, the regeneration of the 
vegetation cover, and the climatic patterns during the recovery 
pemdod.selficea ‘burned; afeaadis located.) soiythat the sisnowmelt runoff 
Codneiidés. with the majority of the runoff from the’ rest of the river 
basin then it could add to peak flows. In watershed areas where 
there is widespread burning followed by rapid runoff, localized 
flooding could result. 

The distribution of this flood causal factor in Western Canada 
coincidessswithesthe wtree elines:;in the north» and..in,.,the +south.. Tom 
Weber (personal communication, 1980) of the Water Resources Branch, 
Department of Natural Resources in Manitoba, suggests that land 
clearing by forest fire undoubtedly affects runoff and may contribute 


to flooding in the province. Weber also feels that clearing due 
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to forest fires in the upland areas of Manitoba and in the northern 
portion of the province would result in increased runoff, particularly 
on steeply sloped watersheds. There has not, however, been a program 
developed to study the extent of this problem in the province of 
Manitoba. 

Schuler and Nyland (personal communication, 1980) of the Forest 
Resources -- Northern Affairs Program suggest that wild fires do 
affect large areas throughout the Yukon Territory and can influence 
runoff significantly. Over the past seventeen years 17,045,024 hectares 
have burned, which is an average of 1,002,648 hectares per year. 
The position of Schuler and Nyland's department is that "as wildfire 
is a natural factor which has a strong influence upon the vegetative 
patterns in the Yukon, the resulting water regime and flooding can 
be accepted as natural to the environment.'' While increased runoff 
brome wildtixe may’ be "narural Gro ‘the. environment” itis “still an 
important flood causal factor and should be considered when planning 


flood management alternatives. 


4.5.8.2 Logging (VILI.b.1e2): 

Like forest fires, land cleared by logging generally tends 
to increase the runoff experienced in a watershed. The increases 
in runoff which resulted after logging had occurred in several regions 
GL, the . United States Jand “East (Atrica are indicated in ‘Table «4.5. 
There have also been many studies concerning the rate of runoff 
increase in Western Canada, particularly in Alberta and British 
Columbia. 

Hiliman <Gi974, sp.2=9)) pstudicd. ‘the “effects sor Ssprines “srorms 
on runoff in logged catchments and unlogged catchments in Alberta. 
A total of 16 catchments, nine logged and seven not logged, were 
selected near Hinton and Edson in western Alberta. Daily stream 
flow measurements were collected and hydrographs compiled for the 
May-June, 1973 period. The hydrographs showed that peak flows from 
snowmelt occurred earlier on the logged catchments than on the unlogged. 
Hydrographs from a’ May 24 to 28 rainstorm illustrated that while 


the peaks occurred at approximately the same time, flow from the 
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TABLE 4.5 


ANNUAL RUNOFF AS A PERCENTAGE OF ANNUAL PRECIPITATION 


Watershed 


Location 


Not 


Harvested Harvested 


1. -Cowecta.13. (1940). Noxth Caroling, U.S.A. £3 fy 64% 
2 AGovecta 1 3° (19062) North Garo vind’ aes vA: 43% 64% 
3. Coweeta 3 North Carolina, U.StA. 537 40% 
4. Coweeta 22 North Garolanan U.S.A. 62% Gales 
5. Fernow 1 WesteVineiniia, U.S.A. ees 47% 
6. Fernow 2 West Virginia, U.S.A. 44%, 48% 
7. Fernow 7 WesteVireinia,, U.s.. A. 54% 60% 
8. Wagon Wheel Gap Colorado, U.S.A. 29% 36% 
9. Fool Creek Golorado.. Wo5.A. 3 tie 48% 
10. Kamakia East Africa BSNS oaks 
11. Kenya East Africa 22 Laas 
X 39:8 50. 5 
Source: Northern Forest Research Institute, Edmonton, Alberta. 


1981, p.4. 
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logged areas was greater. Further studies in this and other areas 
of Alberta by Hillman (1971), Neill (1980), Swanson (1978) and Swanson 
andi Hillman 197 tacb)eehavemhad similar *resulits, “that “is, Sincreased 
runoff from rain storms on logged areas and heavier and earlier 
runoff from logged areas during the spring snowmelt period. 

Neill (1980, p.70) suggests that it would be possible to increase 
yields from the Upper Oldman River Basin into southern Alberta by 
20 percent. In order to obtain this yield, however, management cutting 
would also have to be extended to younger tree stands. Neill does 
suggest that during years of low snowfall, and particularly in sequences 
of dry years, yield increases would be considerably less or non- 
existent. 

Research “by” Ghenge?(1980)-eCheng, Black’ and Willington’ *(1977) 
and Cheng and Reksten (1980) has provided evidence that logged regions 
of British Columbia experience the same runoff percentages as those 
in Alberta. The main difference between the two lies in the greater 
volumes of runoff: “which “occur “in British’ Columbia’ (more snow and 
rain in many areas of the province). 

Hotiman’ “@lOvd sp 54)" isugcestsithat;(therestis sa )ihood” hazard 
associated with clear-cutting large blocks of forest in Alberta. 


".,.in Alberta, snow in the headwaters region is likely to melt before 
channels are free of ice in the downstream reaches further north. The 
northward and/or eastward-flowing rivers already show high flood potential. 
It is reasonable to assume that this situation will be aggravated if 
large areas of block clearcuts are created in headwater regions of streams 
in Alberta."' 


What Hillman is attempting to suggest is that heavy runoff in the upper reaches 
of a northward flowing river could cause ice jams to form (see section 
on Ice Jams). 

Ghene (19S80Gsupel40)) sstetes that, "Another aspect not clearly 
understood is the impact of logging on peak flows resulting from 
rain-on-snow events which are often the cause of extreme floods 
in coastal British Columbia." 

Schuler and Nyland (personal communication, 1980) feel that 
logging operations in the Yukon Territory are so limited when compared 
to watershed areas that their effect upon runoff and flooding would 


be jnsienificant. Im the “Yukon ‘the majority of Jogging is confined 
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to the flood plains and lower benches along major streams and has 
averaged about 400 hectares per year. Weber (1980, personal communica-— 
tion) claims that there is little logging in the flood-prone areas 
of Manitoba, and therefore, the effects of logging on runoff are 
not of particular concern. Weber, however, did not comment on possible 
flood contributions from logging in the headwaters of the major 
rivers which eventually flow into Manitoba (e.g. logging in the 
headwaters of the North and South Saskatchewan River basins). The 
Northwest * Territories, like Pthe “Yukonj’ ‘have no f'substantial forest 


industry. 


4.3.8.3 Land Drainage (VIII.d): 

The primary purpose of land drainage is to remove excess water 
teome the soll ~an*"order™ to” improve the “asricultural’ capacity *ol the 
land. However, these drainage activities can often have negative 
hydrologic implications. In many prairie watersheds, large areas 
Ore tie Slirtace Contribute. little or nd strtace “ronofr tto= they local 
streams during heavy precipitation and/or snowmelt periods because 
much of the water is held in surface depressions. This water usually 
evaporates or infiltrates into the ground through the summer season. 
Whiteley (1979, p.15) suggests that if these depressions were filled 
or if permanent drainage connections were constructed between the 
depressions and the local stream network, significant increases 
in the volume of floodwater could result. A volume increase in the 
runoff could then result in larger discharge peaks being experienced 
downstream more rapidly than before drainage was conducted. 

The magnitude of the increased runoff depends on the _ scale 
of drainage in a watershed area. Whiteley (1975, p.46) states that 
drainage improvement over a small portion of a watershed will usually 
produce small effects on the peak flow-rates at the outlet of a 
watershed. When a major proportion of a watershed is improved, higher 
peaks can be expected from most storms. Found, Hill and Spence (1973, 
p.47) take’ this” further “by suggesting -that’’"the’™local ‘streamflow 
patterns may not be seriously affected by the drainage of a single 


small wetland; but the cumulative effect downstream of the drainage 
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system may produce serious downstream flooding.'' Whiteley (1979, 
p-15) feels that the most conspicuous effects of drainage on downstream 
flood peaks will be observed when upstream areas, covering a_ large 
proportion of the watershed, have drainage "speed-up" while the 
dowtistream-schannel (4s, )Left) pinasits:natural..condition, sin pthissicase, 
it is possible that the downstream channel capacity would not be 
capable of containing the excess runoff during a storm and flooding 
could result. 

The authors previously mentioned make the point that changes 
in peak flows created by drainage improvement projects are usually 
most significant for intermediate size storm events. The effects 
of drainage improvements on very large streamflows is less apparent 
because heavy runoff would probably have occurred in these areas 
regardless of drainage works. Banga (1978, p.18), of the Hydrology 
Branch, Saskatchewan Department of the Environment, provides data 
midircacing “tiiat “the Gmpact Of “ser1e)eul tural drainage tpon the=*flood 
potential of a basin has a decreasing incremental effect as_ the 
magnitude of the flood increases. 


"The percentage increase in flood peak at the City of Moose Jaw due to 
agricultural drainage can be expressed as ranging from 13 percent +/- 
5 percent at the 1 in 2 year flood event to 2.5 percent +/— 5 percent 
at the 1 in 500 year flood event. Probably the most critical event analysed 
is the 1:10 flood event since a 1 in 10 year flood represents the approxi- 
mate bankfull capacity and therefore, the intercept on the probability 
damage curve through the City of Moose Jaw. The analysis shows that the 
flood peak potential at the 1 in 10 year event may be expected to increase 
by 7.9 percent due to the effects of agriculture drainage development 
at the eight projects upstream." 


band” drainage practices in™ the “Carrot “River © basin,” which “Fs 
located in Saskatchewan (and extends into Manitoba) have also con- 
tevpuLed to  repronal ~filoccing, in “that "area, “Collier ™ (L960, "po 
States that the series of floods in the Carrot River basin’ (1954- 
57) were caused by excessive precipitation and by the progressive 
improvement of drainage ditches (part of an agricultural land reclama- 
tion ‘program im they region). Serious, floods “also toccurred “in® 1972 
and 1974 when heavy rains fell on unusually deep snow accumulations. 
During both floods the agricultural land drainage was a contributing 
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Several other areas in Western Canada are known to experience 
increased runoff from land drainage. In Alberta, the upper Vermilion 
and Peace River basins have large areas of drained land and flood 
intensities have increased as a result. Similarly, much of the change 
in flood frequency in the Winnipeg area and upstream in the Assiniboine 
and Red River basins is due to land drainage (Laycock, 1982b). Jenkins 
(personal communication, 1980) of the Manitoba Department of Agriculture 
Land and Water Development Division, suggests that; 


",..changes in land use and drainage in the upper reaches of our watersheds 
have contributed significantly to the frequency of the smaller floods, 
i.e., the 5, 10, and 20% floods. It only stands to reason that changing 
ground cover from forest to annual crop, including fallow will affect 
water yield. The absence of any kind of headwater retention program as 
well as the destruction by drainage of significant acreages of natural 
storage (sloughs, marshes) has contributed to the speed of rumoff. How 
much is difficult to assess."' 


Laycock (personal communication, January 1981) and Spence 
(personal interview, June 1981a) suggest that it is very difficult 
to obtain information on the patterns of land drainage in Western 
Canada. The information on potential responses to land drainage 
in Manitoba was provided by Mr. Tom Weber, Director of the Manitoba 


Water Resources Branch. 


4.3.8.4 Contributions To Flooding From Urban Development (VIII.e): 


a) Impervious Surfaces and Storm Sewers (VIII.e.1): 

Judging from the large amount of literature currently available, 
storm water. runoff. from urban centers) is becoming recognized» as 
a flood causal factor which can significantly contribute to variations 
itis lood Waintensitye pinereasesydinnsimpervioust sunban fisuniacesse uch 
as roofs, roads, commercial and industrial areas, parking lots and 
airports can effectively reduce the infiltration and evapotranspiration 
potential in much of the urban setting. 

‘ In many urban centers the surface detention storage characteris— 
tics have been drastically changed as street runoff and storm sewer 
systems rapidly remove most of the precipitation. This change in 


surface runoff patterns has dramatically affected peak flows. Waananen 


(1969, "p.co os) Claims that che basin Jag time is- reduced as an area 
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becomes urbanized, and the streamflow often is concentrated in sharper, 
narrower, higher peaks than those for natural runoff. Hollis (1975, 
p.431) ‘states: 


",..and overland flow can take place readily on the relatively smooth 
impermeable surfaces. The construction of an urban storm water drainage 
system invariably increases the drainage density of the catchment and 
so reduces the time necessary for overland flow to reach a drainage line. 
Moreover, well-designed and well-graded sewer systems are normally efficient 
channels in which water velocities are usually in excess of those in 
natural channels; therefore the drainage from a large area can be more 
rapidly conducted to the main river channel." 


Phes cesculting .Tunolt theretone. occurs mone ‘quickly and flood 
flows are often higher in the urban catchment than they were prior 
to urbanization. The existence of storm sewers and impervious surfaces 
in an urban catchment, therefore, reduces the time required to reach 
peak runoff after the beginning of a storm to only a few minutes. 

McPherson (1974, p.22) suggests that the cumulative effect 
of increasing surface water volume and localized flood peaks may 
be to increase the mainstream flooding. Hollis (1975, p.434) supports 
this when he states: 


"Whilst small frequency floods are increased many times by urbanization, 
large rare floods that are likely to cause severe damage are not as sig- 
nificantly affected by the construction of urban areas within a catchment 
area."' 


In Western Canada almost all urban centers located on a river 
course can experience this problem. Unfortunately, while many studies 
of the effects of urbanization on storm runoff have been conducted 
in the United States, only a limited number of studies have dealt 
with Canadian urban centers. Taylor (1976, pp.37-38), for example, 
has studied the effects of urbanization on runoff in Peterbourgh, 
Ontario. He measured rainfall and snowmelt inputs and runoff discharge 
during 10 rainstorm events in the spring of 1974. His findings were 
as follows; 


"For the fall storms the urban basin produced 2.3 times as much direct 
runoff as the rural basin and the peak discharges for the urban sector 
were 2.4 times higher on average. The urban—-rural contrast was much greater 
in the spring, however. The urban basin direct runoff volume was 7.5 
times that of the rural basin and peaks were 7.1 times higher on average. 
These changes are serious enough, but it appears that the impact is even 
greater in the case of spring runoff, a fact which has not been reported 
elsewhere and which is very important in a region where spring snowmelt 
generally produces the worst floods of the year." 
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Similar results have been found by many Pesca mene cs in the 
Unveed States (e.¢., “Chan and Bras, 1975; Hollis, 21975; “Leopold, 
1968; Martens, 1968; McPherson, 1974; Waananen, 1969). 

Laycock (personal communication, March 1982) suggests. that 
in cities in semi-arid and sub-humid areas (e.g. Edmonton, Alberta) 
the yield increase may be six times that of agricultural areas in 
the “same’" district.” *in ‘humid’ areas; with high agriculbeural ‘scunohe; 


the yield increase may be well under two times. 


b) Urban Encroachment Onto The Flood Plain (VIII.e.2): 

In section 4.3.8.1, it was explained how low bridges can deflect 
flow onto the flood plain during increased runoff periods. A similar 
situation can occur when urban structures are constructed on the 
flood plain. Once flood waters have exceeded the capacity of the 
river “channel,” *and ‘sprlled onto the flood” plain," "urban @structures 
can deflect water further away from the river channel. Water deflection 
by “Uroanization ” can result yin “larger™ areas + being  Floodeds *#ErilCr 
to urban encroachment, these areas may not have been flooded during 
events of equal magnitude. Urbanization on the flood plain could 
also extend the period of flooding by impeding water returning to 
the river channel. Environment Canada (1977b) states; 


"Flood damages occur when, through lack of knowledge of the flood problem 
and disregard of the devastating effects of water, development is allowed 
on the flood plain. Not only are buildings, bridges and similar structures 
erected on the flood plain subject to damage themselves, they can obstruct 
the passage of flood-waters and cause or aggravate flood.conditions up- 
stream."' 


This situation is o»resent in many urban centers in Western 
Ganada., in No.scity, sNowevernealse-che potential for this, causal) factor 
more apparent than it is in Calgary, Alberta (described in Chapter 
fii). In many of the erty dictricts alone ‘the Elbow and. Bow Rivers, 
especially Hillhurst, Sunnyside, Downtown, Glencoe, Elbow Park and 
Rideau Park, extensive urbanization in the flood plain has created 


an ideal environment for this type of flooding. 
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CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS 


5.1 Summary and Conclusions: 

It has been the author's contention that the development of 
a classification of a wide range of factors which can cause and/or 
contribute to flooding will assist planners when making flood damage 
reduction decisions. In earlier chapters it has been illustrated 
that many flood management decisions are often based upon inadequate 
data bases. Many planners appear to have an incomplete understanding 
of the many causal factors present in Western Canada, that is, they 
may not fully appreciate the maximum possible effect of these factors 
singly and in combination. Therefore, the preceding classification 
Ofs \the «causes of ‘flooding » was ) prepared: ‘in. order to /indicate, ‘the 
potential role of each causal factor in flooding in Western Canada. 
The classification has been designed as an information source which 
will supplement existing flood forecasting methods, such as_ flood 
frequency analysis,by providing the planner with a better understanding 
OL gtene tefactorstiwhich ecanecauseditand/or Wcontrabute atosnflooding in 
his region. A better understanding of the causal factors in combination 
with calculated flood frequency analysis estimates and other forecast 
methods will allow the planner to more accurately select flood damage 
reduetion, strategies w fom particular (locabionss wineiChapter a1Vzce many 
patterns of occurrence and corresponding management options were 
presented for the more frequently observed causal factors (e.g., 
ice. jams, air mass anomalies, coastal flooding, snowmelt). Further 
development of the causal factors in the classification will result 
in better defined patterns of occurrence, and consequently in more 
clearly defined management alternatives. 

In, Chapters 2tIl:tand IV ait has -been. suggested) that different 
floodincausall dactors “haves :different recurrence frequencies.) (~The 
presence or absence of a potential flood causal factor during the 
period of record can cause substantial inaccuracies in the frequency 
analysis, and can result in somewhat misleading flood return figures. 
Examples of Hurricane Hazel (1954) in Ontario, the tsunamis generated 


by the 1964 Alaskan earthquake and the 1976 Big Thompson Canyon 
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flood are indicative of "exotic" flood events which occurred in 
regions where an event of such proportions had not been previously 
experienced during the period of record. These extreme events, while 
geumrecedly™” intrequent, “indicate "tnac. many CatSal factors may not 
be considered when flood frequency patterns are established and 
flood damage reduction measures are implemented. By having access 
to a classification of flood causes those involved in the development 
and administration of flood damage reduction policies would gain 
further’ perspectives ‘concerning “the causal factors, “and in time 
would learn to intuitively anticipate the extremes associated with 
eaen® causal’ factor "ina specific region. 

In conclusion, the literature review presented in this thesis 
substantiates the author's contention that there is a need for supple- 
mentary techniques to improve existing flood forecasting methods. 
f6y this end, ~a~ preliminary ‘classification of the factors which can 
cause and/or contribute to flooding was presented. Potential flood 
management options for the principle flood causal factors were reviewed 


Eo preowide an indication Of the utility of the classification. 


5.2 Limitations of the Study: 

tee isPeimportant “tor Teccoenize™ that, as in “any “study “or jthis 
complexity, there are a number of limiting factors which have influenced 
the outcome. Perhaps the most apparent limitation was the _ shortage 
er *relevant literature "and “date” for many of ‘the “less common flood 
causal factors. As was expected, there was almost unlimited information 
concerning many aspects of the more frequently observed causal factors 
(snowmelt, precipitation, erc.), ~ but®’ dirriculty “was experienced 
when trying to locate information on causal factors such as interbasin 
Evansfers, “vegetation” constriction of” a “river ‘channel, ‘various “ice 
jam types and others. The author anticipated this material deficit 
and attempted to solicit information from many government and private 
sources. "Despite" *these™™' efforts “many “gaps**were “difficult “to “fTil 
and "are -apparent*°in “the classification” “and “support discussion "in 
Chapter IV. 


The’» limited” invormationw aVatlable” also atfected the selection 
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and ©"1dentification!’ tof thet icausal)sfactorsi.. The “author smade,, every 
effort to identify the flood causal factors present in Western Canada, 
but it? isctilikely/othat-tseveral causal factors wereoverlookeda, it 
is anticipated that further research and classification development 
would result in the identification of factors which may be missing. 

Data limitations also presented problems when the author was 
attempting to map the distribution patterns for the more common 
causal factors (Figures 4.1-4.5). Further research, however, would 
serve to improve these maps and more defined distribution and occurrence 
patterns would become apparent. This and the above limitations asso-— 
ciated with the apparent data shortage indicates that there is a 
greater need for further study and appreciation of the many factors 


which can cause and/or contribute to flooding. 


5.3 Recommendations: 

While flood frequency analysis will continue to be the basis 
for most flood management decisions in Canada and abroad, it should 
be supplemented with better information on the factors which cause 
and/or contribute to flooding. At present, flood frequency analysis 
is too often simply an uncritical projection using the streamflow 
discharge data for the period of record with little reference to 
the causal factors. Flood damage reduction decisions should be based 
in part upon a deeper understanding and appreciation of the factors 
which cause flooding and variations in flood intensity. Awareness 
of these factors, and of changes in them during the data base period 
is important, but if due recognition is “to be given to these factors 
it will be necessary to develop a supplementary analysis procedure 
for use in most regions. This procedure should include a description 
Of ‘each- causal ‘factor, the determination of “regional ‘distribution 
patterns for the individual causal factors and frequency-intensity 
analysis for the flood causal factors, individually and in combination. 
It is accordingly recommended that an appropriate national body, 
perhaps starting with the N.S.E.R.C. Associate Committee on Hydrology, 
investigate and promote development of a classification of flood 


causal factors and factor combinations. A description of the potential 
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flood damage reduction options should also be “designed for each 
causal factor. This classification could be used to provide planners 
Wethues Deiter appreciations .ofuthe causes of. flooding when still 
preliminary. If, after a number of years of additional research, 
a more detailed and better integrated program can be developed, 
Statistical analysis procedures might be used more effectively and 


directly in forecasting. 
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Channel Detention Storage 


Confluence 


Crest 


Depression Storage 


Detention Storage 


Discharge, Mean Monthly 


Discharge, Peak 


Drainage Basin 


Flash Flood 


Flood 


Flood, Annual 


Flood Flow 


Flood Forecasting 


PPE 


Volume of water which can be tem- 
porarily stored in channels during 
flood periods. 


Joining; -ore*placer ot 4unctions~or 
two or more streams. 


Top of a dam, levee, spillway or 
weir to which water must rise before 
passing over the structure. 


Volume of water which is required 
to fill small natural depressions 
to their overflow levels. 


That part of the precipitation which 
is temporarily stored en route to 
the stream system, during or shortly 
after rainfall. Includes surface and 
channel detention but does not 
include depression storage. 


Arithmetic mean of all the individ- 
ual monthly mean discharges for the 
months of that name in a period of 

record. 


Maximum inStantaneotis rate of “dis= 
charge for a given period. 


Whole area having a common outlet 
Forel ts (siirpace tino le. 


Flood of relatively short duration 
with a relatively high peak 
discharge. 


Rise, usually brief, in the water 
level in a stream to a peak from 
which the water level recedes at a 
slower rate. 


Highest daily peak discharge ina 
water year. 


Volume of water flowing across a 
section of a stream during a flood 
per unit time. 


Prediction of stage, discharge, time 
of occurrence, and duration of a 
flood, especially of a peak discharge 
at a. -specific point on a Stream, 
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Flood Frequency 


Flood Probability 


Flooding 


Frequency Analysis 


intiltration 


Infiltration Capacity 


Lag—-time 


Moisture, Antecedent Soil 


Storm Runoff 


Storm Surge 
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resulting from precipitation and/or 
snowmelt. 


Number of times a flood above a 
given discharge or stage is likely 
to occur over a given number of 
years. 


Probability of a flood of a given 
Stage being equalled or exceeded in 
a given year. 


Overflowing by water of the normal 
confines of a stream or other body 
of water, or accumulation of water 
by drainage over areas which are not 
normally submerged. 


Procedure involved in interpreting 

a past record of hydrological events 
in terms of future probabilities of 
occurrence, e.g. Estimates of 
frequencies of floods. 


Flow of water from the soil surface 
into: the’ soil: 


Maximum rate at which water can be 
absorbed by a given soil per unit 
surface under given conditions. 


Time between center of mass of rain-—- 
fall to center of mass of runort, 
onto the peak of runoff. 


Parameter expressing soil-moisture 
conditions at the start.ofalrain 
storm. 


That portion of the total runoff 
from storm rainfall which reaches 
the point of measurement within a 
relatively short period of time 
subsequent to the occurrence of 
rain. It essentially excludes the 
base flow. 


Elevation of sea or estuary level 
above the expected tide or flood 
height caused by the passage of a 
low pressure center. 
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Water Balance Balance of input and output of water 
within a given defined hydrological 
area such..as va pasing take, etc, 
taking into account net changes of 
storage. 


Water Yield Total runoff from a drainage basin 
through surface channel and aquifers. 


Source: United Nations Educational Scientific and Cultural Organization. 
1974. International Glossary of Hydrology. World Meteorological 
Organization, No. 385. "Geneva, Switzerland. 393 p. 
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